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PREFACE
Background and Organization
Scientists at the Illinois Natural History Survey have been studying the
productivity of polycultures of carps or of carps and prawns in ponds
enriched with swine manure since 1975 (Buck et al. 1977, 1978a, 1978b;
Buck and Baur 1980; Malecha et al. 1981). These studies seemed to
confirm that bacteria make important contributions to the diets of
certain specialized fishes (Chinese carps and tilapia), both directly as
food and indirectly through decomposing organic wastes and in recycling
nutrients into both heterotrophic and autotrophic components (Kuznetsov
1977; Schroeder 1978). The importance of this concept led to a special
study to more clearly define functions and contributions of bacteria in
organically enriched systems, funded by a grant from the Illinois
Department of Energy and Natural Resources (Project No. 40.045); a final
report "Contribution of Bacterial Production in Organically Enriched
Ponds" was submitted on 27 August 1981.
While those early studies provided data on production potentials of the
manure-polyculture system in Illinois and on the contributions of
bacteria in such systems, a number of critical questions remained
unanswered. The most important question addressed in this report is the
potential human health hazard involved in the consumption and/or handling
of fish and prawns cultured in ponds receiving raw swine manure.
Additionally, these studies will improve our understanding of the
dynamics and interactions of important biological components, i.e.,
phytoplankton, zooplankton, and benthos, in polycultures enriched with
swine manure.
Potential Users of This Report
(1) Producers and consumers of aquaculture products concerned with the
potential danger from parasites and bacterial pathogens in
manure-enriched systems.
(2) Aquaculturists seeking a technology for the efficient, low-cost
production of usable protein.
(3) Resource managers concerned with the biological treatment of organic
wastes.
(4) Producers of organic wastes seeking practical uses of such wastes.
(5) Scientists studying food web dynamics in aquaculture systems using
manure as the primary organic input.
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Dissemination of Information
Aside from the present report, the results will be disseminated through
publications in scientific journals. A paper assessing the potential
dangers to consumers and processors of aquaculture products produced in
ponds receiving raw swine manure has been submitted for publication.
Other publications will follow.
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EXECUTIVE SUMMARY
The investigations reported here are part of a continuing effort by
Illinois Natural History Survey scientists to develop techniques of
producing protein that requires minimum inputs of energy, capital, labor,
and other critical resources and that can be safely used by consumers.
An underlying thrust of these studies is the integration of aquaculture
with agriculture.
The earliest studies, beginning in 1975, demonstrated the high efficiency
with which polycultures of carps, or of carps and prawns, can be produced
in static ponds receiving no input other than swine manure and sunshine.
While swine manure has been shown to be inefficient when used as a direct
food, it is extremely valuable as a source of nutrients for the
production of a large, diverse community of microscopic plants and
animals that form the basis for a highly productive food chain. While
the interactions within these systems are highly complex and still poorly
understood, recent investigations have shown that bacteria may rival the
importance of plant and animal plankton as a source of food. The fishes
and prawns used in these studies have a diversity of complementary
feeding habits that make them remarkably efficient at consuming large
quantities of foods available at the lowest levels of the food chain.
While the advantages of producing large quantities of potentially valuable
protein without the use of expensive commercial feeds are obvious, a
number of problems remain unanswered. One of the most important questions
addressed here is the potential health hazard involved in the consumption
and processing of fishes and prawns cultured in ponds receiving raw swine
manure. Additionally, these studies will improve our understanding of
the dynamics and interactions of such other important biological
components as phytoplankton, zooplankton, and benthos in the manure-
enriched system. The principal studies were conducted in three earthen
ponds (0.09-0.13 ha), all of which received similar loadings of raw swine
manure. However, only two were stocked with freshwater prawns and four
species of carps (silver, bighead, common, and grass carps).
Water quality in ponds with fish was different from that in the pond
without fish. While inputs of nutrients (manure) were similar, their
pathways were different. In the pond without fish, the primary flow of
nutrients was to filamentous algae, which attained an excessive biomass
due to the absence of grass and common carps. In the absence of
zooplanktivorous bighead carp, uncontrolled zooplankton populations
limited phytoplankton abundance. The combined result was a pond with a
large biomass of filamentous algae and extremely clear water, where the
primary export of energy from the system was via flying insects; the
major components of pond productivity were incorporated into the
sediments. In contrast, the ponds that contained a full complement of
fish and prawns developed strong blooms of phytoplankton typical of
manure-enriched polyculture ponds. They had high turbidities and no
visible development of filamentous algae or higher macrophytes. In these
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ponds, the major uptake of nutrients was by fish and prawns, which were
harvested from the system. The harvest of 2-3,000 kg/ha of fishes and
prawns represented a significant removal of nutrients from the system.
decreasing sedimentation and eutrophication.
Yields of fish and prawns in 1981 were intermediate to those produced in
these same ponds in earlier years, as well as to yields produced in other
parts of the world. The ponds provided environments that were typical of
manure-enriched polyculture systems and the data presented on potential
parasites and pathogens and associated biota should be representative of
these systems.
The studies of pathogenic bacteria were conducted in four ponds: two
which received manure, but only one of which contained fish, and two which
contained fish but were not enriched with swine manure. Samples for
culture and analysis were collected from the water column, floc-sediment,
swine feces, and fish. Silver carp from the manure-enriched pond and
common carp from nonmanured sources were sacrificed to examine microbial
populations in the foregut and hindgut contents and walls, in the muscle,
and on the scales.
From a total of 172 bacterial identifications, Aeromonas hydrophila was
the dominant organism in all systems; it was found in every type of
sample and on every media. The numbers of bacteria in muscle tissues of
all fish from both manure-enriched and nonmanured systems were relatively
low; numbers of bacteria on the scale of fish from all sources were
similar. Enrichment with manure did not appear to adversely affect the
fishes' ability to keep their scales relatively free of bacteria.
Although identifications were made of such pathogenic forms as
Salmonella, Shigella, Citrobacter, Proteus, and Enterbacteriaceae,
the numbers of such potential pathogens in ponds receiving raw swine
manure were comparable in most cases to those occurring in nonmanured
ponds. The bacteria may be consumed by fish as they enter the system or
they may not survive long enough to multiply to critical levels.
Although raw swine manure did contain pathogenic forms, their numbers did
not attain levels that would present a hazard to humans, either as
processors or consumers. Normal precautions should be taken in
processing these food components and aquaculture systems receiving either
raw or processed manure should be monitored for bacteria.
While parasites of swine and other mammals generally do not infect fish
and crustaceans, a few mammalian parasites may use animals as paratentic
(transport) hosts. For example, Trichinella spiralis, the etiological
agent of trichinosis in mammals (including humans), has many possible
avenues of transmission. The objectives of the present study were to
identify and enumerate parasites and to assess parasite-related health
hazards resulting from the use of swine manure as a nutrient source in
aquaculture.
The parasite studies were conducted in three types of ponds: (I) one
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enriched with swine manure but not stocked with fish; (2) two ponds
enriched with manure and stocked with carps and prawns; and (3) a pond
stocked with carps but not enriched with manure. Six potential sources of
parasites were monitored from May to September 1981 to determine parasite
levels in the three types of environments: (1) fresh swine manure from
three pond sites; (2) prawns and (3) four species of carps which were
necropsied in May before stocking, in June after stocking, and in early
fall after harvest; (4) fish feces; (5) surface and bottom samples of
water columns; and (6) sediments at two sites in each pond.
No Trichinella larvae were expected nor were they found in fish or
prawns. Ascaris, in the egg form. was the most common parasite found.
Other parasites identified were Trichurus eggs, Eimeria oocysts, and
Balantidium cysts, all in swine manure. However, the study did not
identify any parasite-related health hazards resulting from using swine
manure as a nutrient source in the culture of the fishes and prawns used
in this study.
The studies of zooplankton dynamics were conducted in the three primary
ponds, all receiving similar loadings of swine manure but only two of
which (ponds 11 and 12) contained fish and prawns. The pond with no fish
(pond 10) served as a control so that the effects of manure loadings on
primary consumers (zooplankton) in the absence of major prey species,
such as the filter-feeding bighead carp, could be determined. The
bighead carp was of particular interest because it feeds almost
exclusively on zooplankton by filtering them out of the water column;
the size and quantity of zooplankton consumed may be largely dependent
upon the width of the spaces between the gill rakers of the bighead carp.
The interaction between zooplankton and bighead carp is one important
factor controlling the success of the polyculture system. The principal
objectives of the study were (1) to determine differences in zooplankton
dynamics between the control pond and the polycultured ponds, and (2) to
examine the bighead carp and zooplankton relationships and substantiate
the predator-prey premise by correlating interraker space with size of
carp and prey organisms consumed.
A total of 35 zooplankton taxa were collected in 1981. Because a majority
of these taxa were prevalent in ponds containing fish in previous studies,
it was evident that fish predation had no major role in regulating species
composition. However, the presence of fish may indirectly affect
zooplankton community structure by their effect on bacterial-algal
communities, both through direct cropping and by composition of fecal
material. Generally, numbers of taxa were greater in ponds containing
fish in early to mid-summer, but during late summer and early autumn the
control pond had the greatest number of taxa. Cladocerans and copepods
showed the sharpest declines in the fish ponds, probably due to predation
by bighead carp.
In various samples total zooplankton biomass ranged from 8 to 82 times
greater in the control pond than in ponds containing fish. The seasonal
mean in the control ponds was 518 mg/m 3 , compared to seasonal means of 19
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and 36 mg/m 3 in the ponds containing fish. Principal differences were
due to lesser numbers of the larger crustaceans (Cladocera and Copepoda),
which are believed to be a primary prey of the bighead carp.
The relative densities of zooplankton and phytoplankton in pond 10 were
of special interest because of their similarities. In natural systems,
phytoplankton numbers usually exceed those of zooplankton by a factor of
100 to 10,000 or more. In the absence of fish, zooplankton densities
were nearly sufficient to control phytoplankton densities on a one-to-one
basis. Thus, the manure-enriched systems without secondary and tertiary
predators (fish) were dominated by primary consumers, i.e., zooplankton.
Examinations of bighead carp revealed a strong positive correlation
between the size of the fish and the distance between gill rakers (r =
0.800, P = 0.01). One would, therefore, expect that the type of food
materials would change as a function of the size of the prey
organisms--fewer small organisms would be retained by the filtering
apparatus as the fish became larger and interraker distance increased.
Unfortunately, such small forms as rotifers, protozoans, and juvenile
crustaceans were difficult to detect even with repeated washings of the
tissues and were not identifiable in the extensive collection of foods
extracted from the gill rakers and the foreguts of the bighead carp. The
result was that the kinds and sizes of organisms identified in the food
of bighead carp in June, when mean interraker distance was 50 microns,
were similar to those identified in September, when mean interraker
distance was 95 microns. It could be expected, however, that the smaller
prey species might not be extensively used by bighead carp because of a
natural partitioning of the food base between silver and bighead carps.
Silver carps have smaller spaces between rakers and do feed efficiently
on such small organisms as single cell algae, small rotifers, nauplii,
and perhaps even bacteria, which are smaller than the interraker space of
the bighead carp. This natural partitioning of the food base by size
permits the co-production of large weights of both bighead and silver
carps in polyculture.
The phytoplankton studies were conducted in the same three ponds used in
zooplankton studies. The purpose of the study was to measure differences
in composition and abundance of phytoplankton between ponds which
contained fish and a control pond without fish. Duplicate phytoplankton
samples and water samples for determination of chlorophyll a and
phaeophytin a were collected from all three ponds every 3 weeks from 17
June through 22 September 1981.
A total of 57 taxa were identified. More taxa were present in ponds 11
and 12 (with fish) than in the control pond without fish. Major algae
divisions comprising the greatest abundance of phytoplankton in all three
ponds were Chlorophyta (green algae), Bacillariophyta (diatoms),
Chrysophyta (yellow-green algae), Cryptophyta (a group of naked
flagellates), and Cyanophyta (blue-green algae). These five divisions
collectively comprised more than 93% of the phytoplankton in all three
ponds. Green algae were most abundant in ponds with fish (41% and 40%),
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followed by Cryptophyta (22% in each pond); in the control pond the
relative abundances were reversed (Cryptophyta, 45%; Chlorophyta, 27%).
Densities of phytoplankton ranged from 2,000 to 12,500 algal units per
milliliter (AU/ml) in the control pond (without fish) and from 17,700 to
94,600 AU/ml in ponds containing fish. Seasonal mean standing crops were
significantly different in the two types of ponds. Chlorophyll a
concentrations followed the same pattern, ranging from 1.5 to 19.9 mg/m 3
in the control ponds and from 31.9 to 172.4 mg/m 3 in the ponds
containing fish. Again these differences were significant.
The standing crop of filamentous algae was large in pond 10 in the absence
of fish. Filamentous algae was controlled in the companion ponds by the
feeding of grass carp and the continuous disruption of sediments by
bottom-feeding carps, which limited light penetration and the growth of
filamentous algae.
There were inverse relationships between zooplankton biomass and both
phytoplankton densities and chlorophyll a concentrations. Phytoplankton
standing crops were limited to low levels in the control pond by
zooplankton grazing and by competition with filamentous algae for light
and nutrients. Conversely, large phytoplankton standing crops in ponds 11
and 12 (with fish) were due to the absence of filamentous algae, and the
lower abundance of zooplankton in those ponds, even though silver carp
consumed large numbers of phytoplankton.
Turbidity and computed light extinction coefficients were significantly
greater in ponds containing fish due both to higher densities of
phytoplankton and higher levels of suspended inorganic solids. Feeding
activities of fish caused the suspension of inorganic substances in the
water column and may also have helped maintain algae in circulation; in
the control pond without fish there was reduced mixing and increased
settling of non-motile phytoplankton. The increased concentration of
inorganic matter attributable to fish undoubtedly increased availability
of nutrients to the phytoplankton, resulting in larger standing crops
than in the control pond without fish.
Low trophic level macroinvertebrates (benthos) can represent a substantial
part of the biomass in an aquatic system and can be important foods for
fish and higher-level aquatic invertebrates, such as prawns and crayfish.
The objectives of this study were to: (1) determine the species
composition of macroinvertebrates in the study ponds, (2) measure the
density and biomass of substrate-associated macroinvertebrates, and (3)
monitor seasonal changes in their numbers and composition.
The benthos studies were conducted in pond 10 (without fish), and in ponds
11 and 12 (with fish). Qualitative samples of all pond-associated aquatic
macroinvertebrates were collected 17 June and 15 July by sweep net.
Sediment-associated macroinvertebrates were sampled by piston corer on 17
June, 15 July, and 1 September 1981. Two north-south transects of five
cores each were taken in each pond on each date for a seasonal total of 90
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core samples. The combined quantitative and qualitative samples produced
a total of 93 taxa. The close proximity of the ponds to each other (5 m)
did not warrant pond-by-pond analysis of qualitative data, but numbers and
biomass (g fresh weight) per square meter of sediment-associated
macroinvertebrates were calculated for each taxa collected in each pond.
Oligochaetes and chironomid larvae dominated the sediment-associated
benthos, present in 91 and 53% of the core samples, respectively.
Significant declines in densities and biomass of Caenidae and Chironomidae
larvae occurred in pond 10 after June; in ponds 11 and 12, densities and
biomass of chironomid larvae declined after June. In pond 12, the density
and biomass of Nematoda also declined significantly after the June
collection. The density and biomass of chironomid larvae increased in
September. A significant decrease in oligochaete biomass, but not
density, occurred in pond 12 between June and September, due to an
increase in abundance of Naididae, which are smaller in size than the
other dominant family of oligochaetes, the Tubificidae. The most
striking differences in pond-to-pond variations were in the distribution
of mayflies of the family Caenidae. They were prominent in pond 10
(without fish) but were not recorded from either pond that contained
fish. However, it is possible that this difference may have been due
more to the absence of filamentous algae than to fish predation.
Filamentous algae was prolific in pond 10 but the flora in ponds 11 and
12 were dominated by phytoplankton, with no filamentous algae or
macrophytes present. Algal mats may have provided an important habitat
for Caenidae in pond 10 which was not present in ponds containing fish.
The present study will effect no immediate savings of State funds, but
provides a body of information than can advance the potential for the
integration of aquaculture with agriculture, which will become
increasingly essential in meeting future needs for the low-cost,
low-energy production of usable protein. Much of this information will
be published. The information concerning health hazards associated with
pathogenic bacteria and parasites will have special value and the
information provided through the coordinated studies of associated biota
(fish, prawns, zooplankton, phytoplankton, and benthos) will advance our
knowledge of the complex interactions within these systems and will
facilitate their management for the production of protein.
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Study I
PRAWN AND FISH POLYCULTURES IN MANURE-ENRICHED PONDS
by
D. Homer Buck
Introduction
In 1981 polycultures of fish and prawns were established in two
manure-enriched ponds (1) to provide the proper environment for the
related studies reported here, and (2) to supplement data obtained in
earlier studies of the production of prawns and fish in manure-enriched
systems (Buck et al. 1977, 1978a, 1978b; Buck and Baur 1980; Malecha et
al. 1981). In the interest of continuity and to gain maximum benefit
from the data generated, the studies were conducted in the same ponds
used in the earlier studies.
Methods
The three principal ponds (ponds 10, 11, and 12) used in this study were
drainable with surface areas ranging from 0.09 to 0.137 ha (Table 1.1).
Mean pond depths ranged from 0.7 to 0.8 m and maximum depths were 1.4-1.6
m. The ponds were filled by gravity from an adjacent 237-ha reservoir,
but they remained static throughout the study; rainfall was the only
significant input to the ponds during the study.
All three ponds received similar loadings of swine manure but only ponds
11 and 12 were stocked with fish and prawns (Tables 1.1 and 1.2). Ponds
11 and 12 each received similar densities of silver carp
(Hypophthalmichthys molitrix), bighead carp (Aristichthys nobilis),
common carp (Cyprinus carpio), grass carp (Ctenopharyngodon idella), and
the freshwater prawn (Macrobrachium rosenbergii) (Table 1.1). Carps were
provided by the Arkansas Game and Fish Commission and by J. M. Malone and
Sons Enterprises, Lonoke, Arkansas. Prawns were provided by the Prawn
Aquaculture Research Program and the University of Hawaii.
Swine were fed a standard corn-soybean ration similar to that used in
swine production studies at the University of Illinois. As in previous
studies, the swine were housed on the pond dike so that fresh manure
continuously entered the ponds. Calculations of manure loadings were
made in terms of total weight of raw manure, dry organic matter in
manure, and the total addition of BOD (Table 1.2).
Profiles of dissolved oxygen (DO) and water temperature at 30-cm depth
intervals, pH, total alkalinity, and turbidity of surface waters were
monitored weekly between 0700-0800 hours. DO and water temperatures were
measured with a YSI Model 54 oxygen analyzer, pH was read on a Sargent
Welch Model PBX meter, and turbidities (Jackson Turbidity Units, JTU)
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were measured by a candle turbidimeter. Alkalinity, biochemical oxygen
demand (BOD), and suspended solids were determined using standard
procedures (American Public Health Association et al. 1976). Ammonia,
organic nitrogen, soluble orthophosphate, and hardness were determined by
means of a Technicon CSN-6 Autoanalyzer; samples were collected biweekly
from 19 May through 14 July 1981 and frozen for later analysis.
Results and Discussion
Water Quality. Differences in water quality parameters in manure-
enriched ponds with (ponds 11 and 12) and without (pond 10) fish and
prawns became increasingly apparent as the season progressed (Table 1.3).
These differences were related to the nutrients pathways of the two
systems. In pond 10, nutrients released by swine manure were used
primarily by filamentous algae (mostly Hydrodictyon) that grew from the
pond bottom and formed a surface mat which, by the end of the growing
season, covered up to 90% of the pond surface. By early August, shading
by the algal mat caused subsurface water temperatures in pond 10 to
remain 1.5-2.0 °C lower than those in ponds 11 and 12. Water below the
algal mat remained clear; turbidities were less than 25 ppm, which
permitted clear visibility of the Secchi disc on the pond bottom. In
pond 10 the absence of grass and common carps permitted uncontrolled
development of filamentous algae; in the absence of zooplanktivorous
bighead carp zooplankton populations were large enough to limit
phytoplankton abundance. In contrast, ponds 11 and 12, with the full
complement of fish and prawns, developed strong blooms of phytoplankton
typical of manure-enriched polyculture ponds. They had high turbidities
and no visible development of filamentous algae or higher macrophytes
(see studies II, IV, V, and VI).
Table 1.3 compares mean seasonal values for a selection of physical and
chemical parameters in pond 10 with a mean value for the same parameters
recorded from both ponds 11 and 12. This simplified comparison seemed
desirable because the mean values in ponds 11 and 12 were strikingly
similar. With the exception of dissolved oxygen levels at the pond
bottoms, the differences between ponds 11 and 12 were in all cases
smaller than the differences betwen pond 10 and either pond 11 or 12.
The magnitude of differences between pond 10 and ponds 11 and 12
illustrated the impact of fish and prawns on the flow of nutrients
through the manure-enriched system. While initial inputs of nutrients
(manure) were similar, their pathways and destinations were different.
In pond 10, the primary flow of nutrients was into filamentous algae,
with a secondary uptake by the heterotrophic community. The primary
export of energy from the system was via emerging insects. The major
portion of the energy would, in time, be incorporated into the sediments.
In ponds 11 and 12, the primary uptake of nutrients was by fish and
prawns, which could be harvested from the system. The harvest of 2-3,000
kg/ha of fish and prawns (up to 4,600 kg/ha in ealier years) represents a
significant removal of nutrients from the ponds. Without that removal,
there would be an increase in sedimentation and eutrophication, thus
shortening the useful life of the pond.
Yield of Fish and Prawns. Recovery percentages ranged from 77% for
common carp in pond 11 to 100% for grass carp in pond 12 (Table 1.4).
The average rate of recovery for all fish species in both ponds was 92%,
which was intermediate to recovery levels achieved in other years in the
same ponds. Recovery rates for prawns were 72% in pond 11 and 50% in
pond 12. The reason for that difference in recovery rates is not known,
but the low rate in pond 12 was coupled with a higher average weight of
harvested prawns (11.3 vs. 5.5 g) and a higher total gain by harvested
prawns (324.2 vs. 224.9 kg/ha). Total gains by prawns were below the
averages achieved in other years (Buck et al. 1978) and were much lower
than the maximum (747 kg/ha) achieved in pond 12 in 1980 (Buck et al.
1981); however, pond 12 in 1980 did not contain common carp, which is
the only important competitor for food (detritus) with the prawn. The
highest yield of prawns in the present study occurred in pond 12, which
also had the highest yield of all four species of fish. This higher
yield in pond 12 was linked with a higher standing crop of algae (see
Study V).
Yields of fishes in 1981 were intermediate to those produced in these
same ponds in other years. Because of differences in numbers of growing
days or days fish were in the ponds (125-136 days for carp in 1981;
180-190 days in 1976 and 1977), the best method of comparing yields in
different years was in terms of daily gain. In 1976 and 1977, daily
gains in pond 11 ranged from 20.2 to 23.4 kg/ha and in pond 12 from 16.5
to 26.2 kg/ha (Buck et al. 1978b). Gains recorded in 1981 were 17.85
kg/ha in pond 11 and 21.21 in pond 12 (Table 1.4). The occurrence of
intermediate yields in 1981 suggests that the ponds provided environments
that were typical of manure-enriched polyculture systems; the data
presented in other sections on potential parasites and pathogens and on
associated biota should also be representative of these systems.
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Table 1.1. Pond size, density of swine, and stocking densities of
fishes and prawns.
Stocking density (no./ha)a
Pond Swine
size density Silver Bighead Common Grass
Pond (ha) (no./ha) carp carp carp carp Prawns
10 0.09 50 0 0 0 0 0
11 0.137 50-75 5,217 1,034 1,384 125 65,400
12 0.134 50-75 5,217 1,034 1,384 125 65,400
a All fish were stocked in May 1981 at sizes ranging from 99 to 216 mm
total length; prawns were stocked on 5 June 1981 as postlarvae (8.6-15.3
mm orbit length).
Table 1.2. Number of swine; total weights of raw manure, dry
organic matter, and BOD; and the number of manure days in ponds 10, 11,
and 12 during 1981. All manure was fresh.
Swine Raw Dry organic No. of
Area manure matter BOD manure
Pond (ha) No. per ha (kg/ha) (kg/ha) (kg/ha) days
10 0.09 4 50 31,219 4,683 948 125
11 0.137 6-9 50-75 28,573 4,286 867 113
12 0.134 6-9 50-75 32,301 4,845 981 113
-4-
Table 1.3. Seasonal mean values of selected physical and chemical
parameters in pond 10 (no fish or prawns) compared with ponds 11 and 12
(with fish and prawns). All ponds received similar loadings of manure.
Parameter Pond 10 Ponds 11 and 12
Dissolved oxygen, mg/1
at 60 cm 9.96 6.17
at pond bottom 5.54 4.80
Total alkalinity, mg/l 75.29 64.28
Hardness, mg/l 65.00 76.71
pH 9.08 7.71
Suspended solids, mg/l 5.81 34.74
Turbidity (JTU) 25.00 53.50
Conductivity, uohms/cm 196.05 222.50
Ammonia, mg/l 0.19 0.32
Orthophosphate, mg/l 0.16 0.08
BOD, mg/l 3.08 6.11
-5-
Table 1.4. Percentages of initial stocks recovered during draining
censuses, daily and total seasonal gains, final mean weights, and number
of growing days for carps and prawns in ponds enriched with swine manure.
Percentage Daily gains Total gains Final mean
recovered (kg/ha) (kg/ha) weights (g)
Growing
Pond 11 12 11 12 11 12 11 12 days
Carps
Silver 99 98 12.04 12.61 1,637.7 1,715.6 457 475 136
Bighead 96 89 1.87 1.95 245.5 254.9 401 420 131
Common 77 90 1.70 3.07 228.9 414.7 316 465 135
Grass 87 100 0.21 0.66 26.2 79.7 288 647 125
Subtotal 15.82 18.29 2,138.3 2,464.9
Prawns 72 50 2.03 2.92 224.9 324.2 5.5 11.3 111
Total 17.85 21.21 2,363.2 2,789.1
-6-
Study II
PATHOGENIC BACTERIA IN MANURE-ENRICHED POLYCULTURE SYSTEMS
by
Pamela P. Tazik and Robert W. Gorden
Introduction
Although the use of animal manures as a source of nutrients in
polyculture systems is a promising alternative to the purchase of
commercial feeds, the use of untreated animal wastes increases the
possibility that consumers or processors of the fish may be exposed to
pathogenic bacteria. This study was designed to assess the health
hazards to consumers or processors of the cultured organisms produced in
polycultures enriched with animal wastes.
The objectives of this study were to: (1) determine numbers and types of
pathogenic bacteria in the water column; in floc-sediment; in fish feces,
gut, and muscle; and on external tissue (scales) of fish; (2) determine
if the numbers of pathogenic organisms pose a threat to processors and
consumers of the fish; and, (3) compare bacterial populations in a
manure-enriched pond that contained fish to one without fish, and then
compare these enriched systems with a pond and reservoir that received no
manure.
Methods
Bacterial samples were collected from ponds 10 and 11, which received raw
swine manure, and from Divided Pond and Forbes Reservoir (237-ha), which
received no swine manure. Pond 11 contained silver, bighead, common, and
grass carps; pond 10 contained no fish (see Study I). Samples were
collected from the water column, floc-sediment, swine feces, and fish.
Silver carp from pond 11 and common carp from Divided Pond and Forbes
Reservoir were sacrificed to examine microbial populations in the foregut
and hindgut contents and walls, in the muscle, and on the scales.
Samples of the water column, floc-sediment, and swine feces were
collected monthly from June through September in ponds 10 and 11 and from
Divided Pond in August and September. Water column samples were
collected in a stainless steel column sampler, floc-sediment samples with
a corer and stainless steel tubing, and fecal samples with a spatula and
jar. Samples were processed immediately by standard aseptic
laboratory procedures.
Three fish collections were made during summer 1981. Fish were collected
with a net and were aseptically dissected. A sterile swab and template
(3.8-cm2 area) were used to sample bacteria on fish scales; the swab was
then placed in a sterile buffer solution. Muscle tissue was dissected
and homogenized in a tissue grinder with sterile buffer solution. The
gut was untangled and a 10 to 35-cm section of both the foregut and
hindgut was obtained. Contents from each of these sections were squeezed
into sterile buffer solution and the intestinal walls were placed in
separate bottles of buffer solution. Samples were serially diluted,
vortexed, and spread plated. Ash-free dry weights of contents and walls
were obtained.
The media used included half-strength nutrient agar (NA), MacConkey agar
(MC), Endo agar, Salmonella-Shigella (SS) agar, Desoxycholate Citrate
(DC) agar, Rimler-Shotts (RS) agar, and Double Violet agar. Selected
samples from ponds 10 and 11 were grown in Selenite Enrichment broth and
then streaked onto Brilliant Green agar, SS agar, or Bismuth Sulfite
agar.
All the above media (except NA) are selective agars used primarily to
culture pathogenic members of Enterobacteriaceae and Vibrionaceae. NA is
a general medium used for a variety of aerobic and facultative
heterotrophic bacteria; it was used in this study to determine total
numbers of bacteria in each sample. SS agar is used to culture
pathogenic enteric bacilli and is highly selective for Salmonella and
Shigella (Difco 1953). RS agar is used to culture Aeromonas hydrophila
(Shotts and Rimler 1973) but Citrobacter will also grow on this medium.
DC agar is strongly selective for gram-negative organisms, particularly
intestinal pathogens, but it inhibits the growth of gram-positive
bacteria, coliforms, and Proteus; Salmonella and Shigella also grow well
on DC agar. MC agar was developed to isolate enteric pathogens and is
used to examine water and dairy products; it is used to detect
dysentery, typhoid, and paratyphoid bacteria in stool and urine specimens
(Difco 1953, BBL 1968). Endo agar is used to confirm the presence of
coliform bacteria in water and dairy products (Difco 1953, BBL 1968).
Double Violet agar differentiates Klebsiella pneumonia from Enterobacter
aerogenes (Campbell et al. 1976). Brilliant Green agar is selective for
Salmonella except S. typhi, which is isolated using Bismuth Sulfite agar
(Difco 1953, BBL 1968).
All inoculated media were incubated at 35-370 C for 18-24 hours except NA,
which was incubated at 30 0 C for 7-9 days. Colonies were counted on the
basis of color and morphology (Buck 1979) and numbers were defined as
colony generating units (CGU) per unit sample. The units used were:
Sample Type
Feces g wet weight'-
Floc-sediment g wet weight-I
Water ml - I
Fish
Gut contents, walls g ash-free dry weight-1
Muscle g wet weight'
Scales 3.8 cm-2
Since the microbial data lacked homogeneity of variances (Bartlett's
test; Sokal and Rohlf 1969), the non-parametric Kruskal-Wallis test was
used to examine differences between ponds for each sample type on each
media.
Results
During the study, 172 bacterial identifications were made using standard
biochemical tests (Buchanan and Gibbons 1974). Identification to
species level was not always possible (Table 2.1).
Aeromonas hydrophila was the dominant organism in these aquatic systems;
it was found in every type of sample and on every media. Probably some
of the identifications to the Family Vibrionaceae were also A. hydrophila
(Table 2.1). Survival of this bacterium in aquatic environments is well
documented (McFeters et al. 1974; Fliermans et al. 1977).
After enrichment in Selenite broth, Escherichia coli, Salmonella
choleraesuis, S_ typhi, S. paratyphi, Proteus sp., P. vulgaris, and
Aeromonas hydrophila were identified. Salmonella and P. vulgaris were
identified most often from swine feces and were rarely identified from
floc-sediment, water, or fish. S. typhi was identified five times (4 of
5 in swine feces), S. paratyphi twice (1 of 2 in feces), S. choleraesuis
3 times (2 of 3 in feces), and P. vulgaris once (in feces). E. coli was
identified primarily from swine feces but also was found in fish gut
samples (Table 2.1).
Klebsiella pneumoniae and Enterobacter aerogenes were not isolated. K.
pneumoniae is found in soil, water, and grain and is normally found in
the intestine of humans and animals. It has been isolated in association
with urinary and respiratory tract infections (Buchanan and Gibbons
1974). It is unusual that neither bacterium was successfully cultured;
the Double Violet agar may have been defective or the organisms may have
been present in such low numbers that they were not detected by our
methods.
Qualitatively there were differences between ponds 10 and 11 (enriched
with swine manure) and Divided Pond (without swine manure). In Divided
-9-
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Pond, no Salmonella or Shigella were isolated and only Enterobacter
agglomerans and Escherichia coli of the Family Enterobacteriaceae were
identified. Other bacteria isolated from Divided Pond were Aeromonas
hvdrophila, Micrococcaceae, Bacillus, Pseudomonas, and Corynebacterium.
Ponds 10 and 11, however, both supported the pathogenic Salmonella,
Shigella, Citrobacter, Proteus, and Enterobacteriaceae, which probably
entered the ponds in swine manure. Generally ponds 10 and 11 supported
significantly more bacteria in the water column and floc-sediment than
did Divided Pond (Table 2.2, Figs. 2.1 and 2.2). No significant
differences were observed in the number of CGU in swine feces entering
ponds 10 and 11 (Table 2.2, Fig. 2.3).
Aeromonas hydrophila, Pseudomonas spp., Corynebacterium sp.,
Micrococcaceae, and a few Enterobacteriaceae were identified from the
samples of fish; 67% of the identifications were Vibrionaceae and A.
hydrophila (Table 2.1). There were no significant differences (P < 0.05)
in numbers of bacteria on scales of fish from any pond, with populations
ranging from 102 to 104 CGU/3.8 cm2 (Tables 2.4, and 2.5; Fig. 2.4).
Numbers of CGU in muscle tissue were significantly greater (P < 0.05) in
fish collected from Divided Pond than in those collected from pond 11
(Tables 2.4 and 2.5; Fig. 2.5); only A. hydrophila and Vibrioniaceae
were identified from muscle samples (Table 2.1).
On most media, numbers of CGU on foregut walls of fish were similar (Fig.
2.6). Numbers of bacteria isolated from the foreguts of fish from pond
11 were significantly lower than from fish in Divided pond but greater
than from fish in Forbes Reservoir on RS agar; numbers of bacteria in
foregut walls were significantly greater from fish in pond 11 than from
fish in Forbes Reservoir on DC agar (Table 2.4, Fig. 2.6). Bacteria
isolated included Vibrionaceae, Pseudomonas spp., Micrococcaceae, and
Escherichia coli (Table 2.1). Bacterial numbers on hindgut walls of fish
from Divided Pond were significantly higher (P < 0.05) than in pond 11
for most media used (Table 2.4, Fig. 2.8). The hindguts of fish from
pond 11 had significantly (P < 0.05) fewer bacteria on SS agar than did
fish from Forbes Reservoir.
Numbers of CGU in the foregut contents of fish from pond 11 were
significantly (P < 0.05) higher than those from Divided Pond when the
medium was NA. When RS agar was used, foregut contents of fish from pond
11 contained significantly (P < 0.05) more bacteria than fish from Forbes
Reservoir. There were few differences between the numbers of CGU in the
hindgut contents of fish from any location; one exception was that pond
11 had significantly (P < 0.05) fewer bacteria than fish from Divided
Pond on RS and MC media (Tables 2.4 and 2.5; Fig. 2.7 and 2.9).
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Discussion
Aeromonas hvdrophila was the most frequently identified bacterium; it was
found in all sample types and grew on all media. A. hydrophila is known
to cause diseases in fish, frogs, and some reptiles (Shotts and Rimler
1973; Fliermans et al. 1977). Elevated water temperatures appear to
enhance and/or permit the growth of A. hvdrophila for longer periods
(Fliermans et al. 1977). Because none of the fish were diseased,
apparently the numbers of that bacterium were not large enough or the
conditions were not suitable for disease to occur.
There were higher numbers of CGU in water and floc-sediment samples from
ponds 10 and 11 than from Divided Pond, presumably due to additions of
raw swine manure to ponds 10 and 11. Greater numbers of CGU in the water
than in floc-sediment samples were anticipated, since pathogens entering
the pond via swine manure are likely to remain in the water column or
die before reaching the floc-sediment (Table 2.1; Figs. 2.1 and 2.2).
There were no significant differences in the numbers of CGU on any media
between ponds 10 and 11 in the water column or floc-sediment. We had
expected that bacterial populations might be smaller in pond 11 if the
fish were using bacteria as a food resource. In the absence of fish in
pond 10, the zooplankton (primarily Cladocera and Copepoda) were abundant
and may have grazed on bacteria.
In several instances, fish from Divided Pond had higher numbers of both
algae and CGU in their gut than did fish from pond 11. Bacteria were
probably consumed with the algae and/or the indigenous bacterial
populations may have been higher.
The numbers of bacteria on scales of all sampled fish were similar. The
addition of swine manure to pond 11 did not appear to adversely affect
the fishes' ability to keep their scales relatively free of bacteria.
The numbers of CGU in muscle tissue of all fish sampled were relatively
low.
Generally, the numbers of potential pathogenic bacteria from the addition
of raw swine manure into polyculture ponds were comparable to those
occurring in non-aquaculture ponds. The bacteria may be used by fish as
they enter the system or they may not survive long enough in the water
column to multiply, and therefore, do not reach problematic levels.
Although raw swine manure contained pathogenic bacteria, populations did
not reach levels that would present a hazard to either processors or
consumers. Normal precautions should be taken in processing any food
item, and aquaculture systems receiving raw or processed manure should be
routinely monitored.
-11-
Table 2.1 Bacterial identifications from samples collected in ponds
10 and 11, Divided Pond, and Forbes Reservoir. The numbers indicate the
number of times the organism was identifed in a certain sample on a given
medium. Identifications made after enrichment are not included. NA =
nutrient agar; SS = Salmonella-Shigella agar; RS = Rimler-Shotts agar; DC
= Desoxycholate Citrate agar; MC = MacConkey agar; and Endo = Endo agar.
Water
NA SS RS DC MC Endo
Floc-sediment
NA SS RS DC MC Endo
Swine feces
NA SS RS DC MC Endo
Enterobacteriaceae
Escherichia coli
Citrobacter spp.
C. amalontias
C. freundii
Salmonella spp.
Salmonella enteridii
Shigella spp.
Shigella boydii
Providencia rettgeri
Vibronaceae
Aeromonas hvdrophila
Pseudomonas spp.
Corynebacterium spp.
Bacillus spp.
Micrococcaceae
Actinobacter spp.
oxidase negative
non-fermentative
Proteus spp.
1 1 1
1
1
2 20 8 8 1
4 1
1
4
1
Fish
Gut walls Gut contents
Scales Muscle (fore & hind) (fore & hind)
NA SS RS DC MC NA SS RS DC MC NA SS RS DC MC NA SS RS DC MC
Enterobacteriaceae 1
Escherichia coli 1 1
Citrobacter spp.
C. amalontias 1
C. freundii
Salmonella spp.
Salmonella enteridii
Shigella spp.
Shigella boydii
Providencia rettaeri
Vibronaceae 1 1 1 1 1 1 1 1 1 6 7 1 1
Aeromonas hydrophila 1 1 1 1
Pseudomonas spp. 1
Cornyebacterium spp.
Bacillus spp.
Micrococcaceae 1 1
Actinobacter spp.
oxidase negative
non-fermentative
Proteus spp. 1
-12-
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1 1
1 1
9
3
1
5 4 1 14
1
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Table 2.2. Results of the Kruskal-Wallis test comparing the number
of CGU present in water, floc-sediment, and swine fecal samples from each
pond on each media. NA = nutrient agar; RS = Rimler-Shotts agar; SS =
Salmonella-Shigella agar; DC = Desoxycholate Citrate agar; MC = MacConkey
agar; and Endo = Endo agar. * = significant at P < 0.05; number or
letter in parentheses (10, 11, or D) indicates which pond had the higher
number of CGU. NS = not significant.
Water Floc-sediment Feces
Divided Divided Divided Divided
Media 10 & 11 & 11 & 10 10 & 11 & 11 &.10 10 & 11
NA NS *(11) *(10) NS *(11) *(10) NS
RS NS *(11) NS NS NS NS NS
SS NS NS NS NS NS NS NS
DC NS NS *(D) NS NS NS NS
MC *(10) NS *(10) NS NS NS NS
Endo NS *(11) *(10) NS NS NS NS
-13-
Table 2.3. Fish collected during studies in 1981. * = estimates
obtained by averaging foregut and hindgut weights obtained from the other
fish. F = foregut and H = hindgut. Fish 1 and 2 were collected on 29
June; fish 3 and 4 on 28 July; and fish 5, 6, and 7 on 1 September.
Total Gut Foregut Hindgut Gut Gut
length Weight length sampled sampled wall contents Muscle
(mm) (g) (cm) (cm) (cm) (g) (g) (g)
Fish 1
(silver carp; F 0.3962*
pond 11) 272 195.5 148.6 35 35 H 0.2730* H 0.0110 1.950
Fish 2
(silver carp; F 0.3962*
pond 11) 285 229.3 194.5 35 35 H 0.2730* H 0.0932 1.765
Fish 3
(common carp; F 0.5503 F 0.1432
Forbes Res.) 530 200.8 91.5 35 35 H 0.9277 H 0.0110 1.282
Fish 4
(common carp; F 0.2013 F 0.0822
Divided Pond) 200 99.4 29.5 10 10 H 0.0639 H 0.1330 0.912
Fish 5
(common carp; F 0.1447 F 0.0176
Divided Pond) 215 138.0 30.0 15 15 H 0.0516 H 0.0212 0.994
Fish 6
(silver carp; F 0.0805 F 0.0188
pond 11) 350 432.0 240.0 15 15 H 0.0360 H 0.0626 0.824
Fish 7
(silver carp; F 0.0688 F 0.1158
pond 11) 340 381.0 195.0 15 15 H 0.0123 H 0.0784
-14 
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Table 2.4. Results of Kruskal-Wallis test comparing fish samples.
* = significant at P < 0.05; the number or letter (11 for pond 11, D for
Divided Pond, and F for Forbes Reservoir) in parentheses indicates which
pond had the high number of CGU. NS = not significant. NA = nutrient
agar; SS = Salmonella-Shigella agar; RS = Rimler-Shotts agar; DC =
Desoxycholate Citrate agar; MC = MacConkey agar.
NA SS RS DC MC
Pond 11 and Divided Pond
Scales NS NS NS NS NS
Muscle *(D) NS *(D) *(D) *(D)
Foregut wall NS NS *(D) NS NS
Foregut contents *(11) NS *(D) NS NS
Hindgut wall NS *(D) *(D) *(D) *(D)
Hindgut contents NS NS *(D) NS *(D)
Forbes Reservoir and Divided Pond
Scales NS NS NS NS NS
Muscle NS NS NS NS NS
Foregut wall NS NS NS NS NS
Foregut contents NS NS NS NS NS
Hindgut wall NS NS NS NS NS
Hindgut contents NS NS NS NS NS
Pond 11 and Forbes Reservoir
Scales NS NS NS NS NS
Muscle NS NS NS NS NS
Foregut wall NS NS *(11) *(11) NS
Foregut contents NS NS *(11) NS NS
Hindgut wall NS *(F) NS NS NS
Hindgut contents NS NS NS NS NS
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Table 2.5. Range of bacterial numbers on five media from fish
samples collected at Kinmundy in 1981. NA = nutrient agar; SS =
Salmonella-Shigella agar; RS = Rimler-Shotts agar; DC = Desoxycholate
Citrate agar; MC = MacConkey agar. AFDWT = ash-free dry weight.
NA SS RS DC MC
Low High Low High Low High Low High Low High
Scales 1.5 300 2.5 5 0.1 13 1.0 6 0.4 41
3.8 cm-2
x 102
Muscle 2.0 8,600 4.4 1,500 3.6 8,700 1.5 10,000 7.8 18,000
g wet weight-1
x 104
Foregut wall 10.0 700 4.2 56 5.5 88 1.5 62 3.0 75
g AFDWT-1
x 10 4
Foregut contents 2.8 13,000 0.04 46,000 0.05 11,000 0.4 1,700 0.9 3,100
g AFDWT-1
x 105
Hindgut wall 1,700 11,000 4.8 970 7.5 970 3.3 970 1.8 22,000
g AFDWt-1
x 104
Hindgut contents 3.8 170,000 5.0 25,000 20 15,000 20 530 750 18,000
g AFDWT-1
x 105
-16 -
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Figure 2.1. Bacterial populations supported by ponds 10, 11, and Divided
Pond water (CGU/ml) as observed from growth on six media.
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Figure 2.2 Bacterial populations supported by ponds 10, 11, and Divided
Pond floc/sediment (CGU/g wet weight) as observed from growth on six media.
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Figure 2.3.
10 and 11 (CGU/g
Bacterial populations supported by swine feces entering ponds
wet weight) as observed from growth on six media.
-19-
__
1 i -
:t. - . J
LE-- __ Y L
..'.L s Lrs___....r- .
* --- .*- - *'---- 
-- * - ^*
--)I L~II------- -r.- -LUC -- ^ ^ ^~-U-
______________________ _ t I
______________________
4 ,4·tiLI
~~1
c~a
zwo 8's/n93
f-
w
L•.
LU~
C,)
LL
__ ___ _I I , i
0
Lý4
cdJ
o
o E
1 0
0
cn
u gi
1i 0)
4-*0
0
to W
So
r-l,
C (1
0 aw
*P 0
*C0
* 0 O
*H -
44 J
00 o
---- I
-·-· L
r7·T· 'Lr.~r~VL·-· -· ~ ?C~~ · SY~~C:~~-ry_--r-~ L·CCI·Y~ ~ f·~~ 11 I ~
~~C - ~ LL~~-~ ~Z.JI ~ ~ L~- C.~'',.~ · Lf d · ;*rr ~·r·L ·~ri~LX·rtf,
~''''
· ~. ~ ~"f ~' Y~-·i;-~·~··-~~·r 4 ~r~~l. -rL~-L·rr·- LI·-;4
I
~CI_"?C'-\ ~nl ~~1.~? i
Ljk~,Cu'rrJI-~--~ --~-~~u,;L1i
t
~ ___ _, __
1 - . ?---"
C~1 t-J
~ci~r rS1
r ·ri
~hllllL·I)IC
I
I1
I
!-
I..
I - · · r' n:·r· r···r'·~ -~-" " - ~ ` - ' "'\ "·' ·. ~`·r " t----~ ---------- --- ---- _I-_ _ _______.'
C
... I
---- ---- I
t
-T-Is 3
I[ -•'- ..-... . . "- ., . . -.-,.. _ 2 . .'.i, "- . -
___ x'^<2SSN <^ g
Uri
- .
Cf LULI
SC--, .r <I, •'r
-* 3 rL C *
V1CO CO *C
- -- -- - ~~
I . ~_
ILI ~VJ~~·T~7···~~~~~C7C~~C·~·~· ~'r~·~~C·~ CI · N ·C·~· -~~PLI:~?)·I~~CC·~;?1~~ -I ~~ -- · '-- -- ~-·r·~r.~·r:r· ·t~
rj~;~jrl~;r r~)· ? r·bl ~rlr L-··~ T· ~ · t
~_ U"~i;3 II~ ~:~; ~Z~L·L·';2~·~-~·I· ~~ ~lrL·C ~L~:·
'*
rrc~;a3~L~2Z~
r'.t
.OT-1
13SSnW IH9I3M 13M 9/f193
-21-
I
0-4
La
-I
LU
C/)
LI
IQ
I-6---4
CD
C-
ES33^^:516
I
-,--
~1~31- ----- - -------- --- ---- - -- --- --- - --- - -- ----(1
*H
0)
OH
0
4-4
o 0
0)
0) *H
U)0c 0
0 0* *
4. i
CO 0
03)
-r-4 (np 4
Q)0
U) C
tvc~Q)C)
*r)
4-1rX 3
L- ~I·I ~I··I I·I L'l(r·.., r .I C .··I r. I · I . II.
I ~i~reru3~:~si~.7i·-- i;-;ucr~i·~=~·3if~~s-u*~mr~sllTi~~il. I~~iJ
I -II w a v 0--mr-b-1
*r-(
r-N.. ... .
LJ ,:
--
- CO ftCO C.
I,'
Ck' LU.
ca: ix
a-»•" CC - - .-=---gga-w.
.
I  
.
. " 
-
•" " -.,- -:•-.. .----- ..
^ f l ._,.,. ..,=4= .• , ,,-, . ...=
,.ll
2r *ZC.:3ir .
L-P~C~L:LCi
1
t-
1H9I3M AN1 33UI HSV 9/n1f9
C-
L.
r,,.
_ J1
c-
CCLL
0.
C_
Q-
t
__ ___ I
--4
__ ~___ ___ _ _T  ___ __ _ ____ __ ~__ __~ _ __
iWWI
"^ S ^^^
- ·~ -fII Y'_`?ltr~~:~:~CI)-~Y~:·L C·l:) ~~~P) )II~~ ~~CC~·CI~·~:~li···CI~~~··ll'~i~~···: ·I
5·ri~l h~r·L.~ L m ;r) ~r~ ·r~LII~··;;VIM=,C-
~-~'~-_~~^~;_I~5~,~_~7?11- ~c~~HT ~---~-~-j~E~
tz--
._ 
• .•-' , 
-1•-• :I;•,1•••3J•:l'r••1 
'•'•
'• •
•
tKr )·^'^:^ ^' P^
wrrS S'CS·CSC''SS S SS -y" *1-* ....... ^ -sstx s.s-w w 3a gss~jc7>»-r~g-gga.;.gj. y:T^1'
i-- - "-•~-,------ -»-- . ,
t - .- ~---` _ZZ
0
Ir
<r-
' ^-<- .% '- -,, --, -~ .. ....." "- "-X Aw
I
*£*1
T-v
CO
4 -t
0
CO)
rJ)U)
c 0
o
0, D
-H 0
3 0
,Q U)
U) ,d
. pc a
0 -
oo
44 0)
U -) n0o Gz (
3 0
0U)U
c ^ n
L-Fl
C..
6--4I*==
ce
<2IL?
1..
<r :r
CC u
ULJ 0: <! ~: C 0
ce *0: <r to:t
I- *JOLU » .2o
cc c.
--------- --- ' --
E•-a.: T... U. L,;:->>^>^^^^1 i'73: ji
" '^-t --I ' •- -.: ' LfI .^ L....-<• T' -? ••r'- --•-f^-•.
t~1~~C;-^'^S^^"^^ C^^^t^^'^ nf '^ir'.-^SC ·r';'^Z''^
--. --- •-. *r -.. .--'•- - ,,- .:-S•g-T•jj ,- a--,s -z-s *-.•:-= - ..•-cgsa= ,-& ,
gsz^ ^»s> r. ^^ ^^-.x^^^.g.^p;
IC
CO
C©
sp..4
r
' -4C**o4
I
O X
Cs
»* I
-rI
|-
'-4
I'-4
LUL
,)LL
C
I
i
IH9I3M ANQ 33RId HSV 9/WH93
-23-
------ ~ --- --- ~` ---
0
i
II
CG'2-~ h-,,T,, -·2i r, 5 92% GCems_ 1 ver w
r~^tesa; ®_
-- ~U~.i~ PIW)r-)I r~ILI~U rC ~LWrU·r i~
· rc-~
~ _.__ _ __ ___ ,__~_ -- I _ )·~
~ --- CI1IIIIII· ~LIY·YIIYIIUIIIII)~LCIIIICUIIU~~~I~ICI _-
L _
-- -- -· -- lr-- --- -- J
4J
0
co
C:
CL)
o
S0
o o
Co
- 0)
0 p
H 4-
r;
0)
C 04
0)
U- 4-
4-
P<co
"**a
cri
CJrl
...(
Cc:rr
.-«L CO
I-
SCk CO C.Z' D:L(.O^QE
E"____ .- __ --5 S^ -
1 _
g-rr~----s ssssss
. ~ ~ _ -- __-- _i . _ ^ g~a~-~sc^a
1 31CO
%-4
r-415
**-^
te^^^^^^^^^Sr
f1-
· 3
IH9I3M AH• 33_U HSV 9/n93
-24-
I-
A.J
f-4
"c.b
LL_
n
^ -*'
tV4
QI·
I _ _ _ __ _ L _ _ ·_ _ __
C.)0
,0
oU 0
s.J .C
r4
0r 0
r-H C4
o 0
C) -H
4J .0
coo
0 9 0
NO
to
J 'o
a) .0)
41 N
0 Clo
0 O 0
40 >
W 0
0 Q=CL. en
-Z
4~-~9I~ F
;~t~~=rc~ 3~~~a;J
s 
.
r7;~~152'2,~'1
CY.
i. Cr Ct- r
ZF-
<CO :^ C.
'-4
IH9I13M AI 33U- HSV 9/n93
-25-
1-4
I
'-4
I ,^
1
LL1
I -
LL-.
L
Q-
--
Cr--
'-4
CO
*r-4
PI TC-T 2 ** C .. " ... Nrr rT'r y^ TT-.k ^g
· r.c - r-,a r, ~*·CT$: ·;-·~i~-~- ·~*MW3F7 T Tr4".
fOl Ul
Wo p
cr O
C
H
0
-o #4 co
C 0
c- 0
04
0 0
j cio
> T?
Pk 3
o D'0
0)0)
00 Pd
0) C
4-1 5^ ir
U M
(0 C U
FQ IO>
(U 0
.r Q (
(1)I
"r-.--. • • r-~- •- --- Ii-~~ ~~~ _- _- -_ _ «^-> -- »^ -^«^ ^L.. -. ^.r- -. - -- -^- ^ -
- -
r ·-R··
In- _- - .
u-'-. .-" - - _ • _ _i -u^ ____,i_- ._ r,--- '*. -' r
es- -rr -- rs-----acac -"T
--- ----- ~ ~LIL·rPC~ ·I~II~CIL~)
-- --- rrrrJ
-~~q ~- ~L~·; r~-·;L~iL
~L~LC2(-~~ ~f~L~5:
·r)jS~,IL1C1 I CI
-. 0 -
Study III
PARASITES IN POLYCULTURE SYSTEMS ENRICHED WITH SWINE MANURE
by
Thomas M. Rice
Introduction
Parasites of swine and other mammals generally do not infect fish and
crustaceans, but a few mammalian parasites may use such animals as
paratenic (transport) hosts. Trichinella spiralis, the etiological agent
of trichinosis in mammals (including humans), has many possible avenues
of transmission. In rare instances, T. spiralis larvae, shed in the
feces of infected mammals, are ingested by fish or crustaceans; if that
fish or crustacean is consumed by a predaceous mammal, T. spiralis larvae
in the digestive system of the prey may infect the predator (Britov 1961,
1962). Other common swine parasites might also survive for a time in
the digestive tract or tissues of fish and crustaceans. When such food
items are prepared in a way that does not kill the parasites, humans
might become infected. The eggs of various helminths, such as Ascaris
spp. (roundworm) and Trichuris spp. (whipworm), and cysts (resistant life
stages) of intestinal protozoans, such as Balantidium spp. and Giardia
spp., may potentially be transported to humans via improperly prepared
fish or prawns.
In addition to the possibility of fish acting as paratenic hosts,
infective stages of parasites suspended in the water column or settled
into sediments may pose health problems. Since the study ponds are
drained every fall, infective stages of certain parasites may be
introduced into local water supplies used by humans and/or livestock.
The objectives of this study were to identify and enumerate parasites and
to assess parasite-related health hazards resulting from the use of swine
manure as a nutrient source in aquaculture.
Methods
The following potential sources of parasites were monitored from May to
September 1981 in ponds 10, 11, 12, and 13:
(1) A 25-g sample of manure was collected monthly from swine pens at
ponds 10, 11, and 12.
(2) Prawns and (3) four fish species were necropsied in May before
stocking, in June after stocking, and in late September-early October
after draining.
(4) Fish feces were examined monthly. Five fish of each species were
seined from ponds 11 and/or 12 and isolated by species in 50-gallon
tanks for approximately 4 hours. Fecal samples of varying weights
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were obtained and then the fish were returned to their respective
ponds.
(5) Water samples from three sites in each pond were collected monthly
using a 5-liter Van Dorn sampler. The sites were: (a) near the swine
pens (an empty pen was stationed at pond 13), (b) at the water
surface near the center of the pond, and (c) near the bottom at the
center of the pond. In ponds 11 and 12, samples near the swine pen
were collected from a catch tank suspended in the water that allowed
water and manure to mix but prevented the fish from directly
consuming manure. Suspended solids were separated from the water
using a Foerst plankton centrifuge.
(6) Benthic sediments at two sites in each pond (near the hog pen and in
the center of the pond) were sampled monthly using an Ekman grab
(0.023 m2 ). The top layer of flocculent organic matter was examined.
For comparison with sediment samples, fecal sediment samples of
varying weights were collected from manure catch tanks in ponds 11
and 12 in August and September.
Direct smears were made from swine manure samples to detect patent
helminth or protozoan infections. A modification of the ether-formalin
centrifugation technique of Ritchie (1948) and centrifugation-flotation
in saturated sodium chloride solution (Siegmund 1973) were used to
separate protozoan cysts and helminth eggs from swine manure, fish feces,
suspended solids, and sediment samples. Samples for microscopic
examination were stained with D'Antoni's (1973) iodine solution. An
Olympus BHTU clinical compound microscope and an American Optical
Corporation Stereostar dissecting microscope were used to examine
necropsied fish and prawns. Isolation and identifications of parasites
followed: Jahn and Jahn (1949), Hoffman (1967), Soulsby (1968), Siegmund
(1973), and Cable (1977).
Results
Eggs of two helminths, Ascaris sp. and Trichuris sp., and cysts of two
protozoans, Eimeria sp. (oocycsts) and Balantidium sp., were found in
swine manure samples. Trichinella spiralis was not present in any
sample. Ascaris eggs predominated, with patent infections occurring
first in July. Levels of Ascaris eggs decreased in samples from all
three ponds in August and September (Table 3.1).
Ascaris eggs were also found in fish feces along with two hookworm eggs
of unknown origin and species. The eggs first appeared in August
samples from pond 12; silver carp feces contained 0.26 Ascaris eggs/g (1
egg in 3.9 g) and bighead carp feces contained 0.59 eggs/g (6 eggs in
10.1 g). In pond 11 in September, bighead carp feces contained 0.27
Ascaris eggs/g (2 eggs in 7.4 g) and silver carp feces contained no eggs.
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Feces from common and grass carps did not contain Ascaris eggs during the
study. All Ascaris eggs found in fish feces were intact.
Intact Ascaris eggs were present in water samples collected near swine
pens (manure catch tanks) in ponds 11 and 12 but were not isolated from
samples taken in the center of the pond. Eggs were first found in July
at levels of 1.8 and 2.8 eggs/i of water in ponds 11 and 12,
respectively. In August the values were 3.6 and 16.0 eggs/i for ponds 11
and 12 and in September they were 5.2 and 1.0 eggs/I, respectively. No
parasites were found in water samples from ponds 10 and 13.
Intact Ascaris eggs were the only parasitic form found in sediment
samples (Table 3.2). Sediment samples from pond 13 did not contain any
Ascaris eggs. Although Ascaris eggs were not found in the sediments near
the swine pens, 1.86 eggs/g of fecal sediment (65 eggs in 35 g) and 1.25
eggs/g (79 eggs in 63 g) were present in catch tanks in ponds 11 and 12,
respectively, in August. In September those levels rose to 3.8 eggs/g
(88 in 23 g) and 4.0 eggs/g (156 in 39 g), respectively.
Twenty prawns, approximately 9 mm in orbit length, were examined prior to
stocking to detect intramuscular and gut parasites. After draining, 10
prawns each from ponds 11 and 12, averaging 76.4 mm in orbit length, were
examined. No parasites were found although several ectocommensal
organisms (i.e., bryozoans) were present on prawns collected at draining.
Ten specimens of each carp species were examined prior to stocking. Six
bighead carp and four silver carp from pond 11, 11 common carp and four
bighead carp from pond 12, and 1 grass carp from pond 13 were examined in
June shortly after stocking. Only natural parasites of cyprinid fishes
were found. Two common parasites were the gill fluke, Gyrodactylus sp.,
which occurred in low numbers on every fish examined, and the "anchor
worm," Lernaea sp., which produced numerous hemorrhagic lesions on common
and grass carps.
At draining five specimens each of the four fish species were collected
from both ponds 11 and 12. Because fish from various sources were
introduced into pond 13 shortly before draining, fish from that pond were
not necropsied. Of the 20 fish from pond 11, all had light to moderate
infestations of Trichodina sp. (a ciliated protozoan) on their gills.
Common carp seemed to have the highest infestation. Trichodina was not
found on any fish from pond 12. Gyrodactylus was found in low numbers on
fish from ponds 11 and 12 but Lernaea was not present on fish from either
pond. The caryophyllidean tapeworm Attractolytocestus huronensis was
present in the foregut of two common carp from pond 11. No parasites
infective to swine or humans were found in the digestive tracts or
tissues of necropsied fish.
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Discussion
An important aspect of this study was to determine if Trichinella larvae
were found in fish and prawns grown in manure-enriched ponds, since
Trichinella can be transmitted via mammalian feces (Spindler 1953).
Crustaceans and fish may ingest these larvae and transport them in their
digestive tracts (Britov 1961, 1962), although intramuscular infection
apparently is not possible (Gaugusch 1950). No Trichinella larvae were
found in any fish or prawn in this study. Moreover, the possibility of
contracting trichinosis by eating improperly prepared prawns and fish is
practically nil (Gaugusch 1950).
Ascaris was the most common parasite found during the study. Although we
do not know why Ascaris eggs or other parasites did not appear in swine
manure until July, we suspect that the swine were treated for parasites
before delivery in May. The swine may have become reinfected shortly
before delivery, or a few infected swine may have served as a source of
reinfection. The period between delivery of the swine and the discovery
of Ascaris eggs and protozoan cysts in the manure (approximately 2
months) corresponds to that required for ingested Ascaris or helminth
eggs to establish in their host, mature, and produce eggs. The low
numbers of Trichuris eggs, Eimeria oocysts, and Balantidium cysts may
explain why they were not found in manure samples collected in May and
June.
The presence of Ascaris eggs in bighead and silver carp feces, but not in
common or grass carp feces, may be significant. Bighead and silver carp
are filter feeders, although they select food items of different sizes
and types. Bighead carp are known to select food items up to 500 x 600
um (Henderson, undated); their diet consists primarily of zooplankton.
Silver carp select primarily phytoplankton or other food items 4-50 um in
diameter (Henderson, undated). Ascaris eggs are 45-75 um by 35-50 um and
could be ingested by either species; however, they would be less likely
to pass through the gill filaments of silver carp. Bighead carp,
although not as efficient as silver carp in filtering small particles,
could ingest more eggs suspended in the water column. No Ascaris eggs or
other parasites were found in the feces of grass carp, probably due to
their diet and feeding habits. No parasistes wereisolated from the
feces of common carp, even though they feed in benthic materials.
Identification of swine parasites to species was not possible since adult
worms and growing stages of Protozoa were not found. We assumed that the
parasites were species-specific to swine. The eggs of swine roundworm,
Ascaris suum, are indistiguishable from those of the human roundworm, A.
lumbricoides (Sprent 1952). Some investigators believe that
cross-infection is possible under certain conditions (Soulsby 1968).
Therefore, it is possible that Ascaris infective to humans might be
introduced into ponds enriched with swine manure. In the same way, cysts
of Balantidium coli (the human intestinal protozoan) are
indistinguishable from the swine form, B. suis (McDonald 1922). B. coli
can infect swine but cannot subsequently reinfect humans (Andrews 1932),
so Balantidium would not appear to present a health hazard. Trichuris
and Eimeria cannot produce cross-infections between swine and humans and
were not considered to be human health hazards.
Some helminth eggs remain viable for long periods under extremely adverse
conditions. Ascaris eggs in lime-stabilized sewage sludge (pH 10.5-12.0)
have remained viable for 60-120 days (Storm et al. 1981). Caution should
be exercised when using fecal material, especially human feces or sewage,
as a nutrient source in aquaculture ponds. Although fish and prawns
grown in polyculture systems may improve some water parameters, they do
not remove infective parasitic stages from the sediments and water.
The least expensive and most practical way to control pathogenic
parasites of humans or livestock in an aquaculture system is to prevent
such organisms from entering the system. Treatment of manure can be
effective but may be impractical on a large scale. Regular treatment of
swine, in this case, for parasites would seem to be the best approach.
The present study does not indicate any parasite-related health hazards
resulting from using swine manure as a nutrient source in aquaculture
systems, although reasonable control measures should be implemented to
prevent potential health problems.
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Table 3.1. Numbers of parasites present per gram of manure from
swine penned at ponds 10, 11, and 12. The number in parentheses is the
total number present in the 25-gram sample. No parasites were found in
May and June samples.
Ascaris Trichuris Eimeria Balantidium
eggs eggs oocysts cysts
July
Pond 10 60.6(1,515) 0 0 0
Pond 11 65.0(1,626) 0 0.1(3) 0
Pond 12 55.8(1,394) 0 0 0
August
Pond 10 21.9( 547) 0 0 0
Pond 11 0.6( 15) 0 0 0
Pond 12 51.8(1,295) 0.04(1) 0 0
September
Pond 10 10.7( 268) 0 0 0
Pond 11 0.6( 15) 0 0 1.7(42)
Pond 12 17.6( 440) 0.08(2) 0 0
Table 3.2. Numbers of Ascaris eggs per square meter in sediment
samples from ponds 10, 11, and 12. The number in parentheses is the
total for the 0.023-m 2 sample. No eggs were found in May, June, and July
samples.
Center of pond Near swine pen
August
Pond 10 43.5(1) 260.9(6)
Pond 11 173.9(4) 0
Pond 12 130.4(3) 0
September
Pond 10 43.5(1) 43.5(1)
Pond 11 0 0
Pond 12 87.0(2) 0
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Study IV
ZOOPLANKTON DYNAMICS IN POLYCULTURE PONDS RECEIVING SWINE MANURE
by
Stephen W. Waite
Introduction
From data collected in 1980, it was apparent that the success of
manure-enriched pond polycultures was dependent on a complex set of
energy and nutrient pathways not typical of natural inland water
systems. Most of our investigations prior to summer 1981 used a
different treatment scheme for each study pond, i.e., fish densities,
manure loading, culture species composition, etc., were varied among the
study sites. One important change in the research design for 1981 was
the inclusion of a biological control pond that was similar to the other
ponds with respect to manure loading but contained no fish or prawns.
This design allowed us to determine the effects of manure loading on
primary consumers (zooplankton) in the absence of major prey species
(such as the bighead carp). A comparison of this control pond to ponds
containing the full complement of polycultured fishes and prawns should
show the effects of separate niche utilization by predator organisms.
Based on earlier data (Buck and Gorden 1981), it was hypothesized that
the dynamic interaction between zooplankton and its single most important
predator, the bighead carp, is a crucial key to the success of the
polyculture ecosystem. Unlike mature grass and silver carps, whose food
chains generally consist of primary producers (higher plants for grass
carp and algae for silver carp), the bighead carp subsists chiefly on
zooplankton (Moskul 1977, Cremer and Smitherman 1980) which, in turn, are
primary consumers of bacteria and algae. It was postulated that one of
two generalized schemes could occur in our polyculture systems:
(1) Understocked populations of bighead carp would have a relatively
small effect on zooplankton communities. The zooplankton would then
overgraze phytoplankton stocks, resulting in lower production of
silver carp. If the production of silver carp was important for
human consumption, understocking bighead carp would therefore not be
ideal.
(2) An overstocking of bighead carp would decimate zooplankton to a point
where silver carp alone might be unable to control or retard the
extremes of phytoplankton blooms and senescence, resulting in low
overall fish production due to naturally low oxygen concentrations.
These two schemes represent extreme conditions and possibly a range of
combined stocking densities of bighead and silver carps would be possible
for good production of both species. However, not only are the numbers
of bighead carp critical in a stocking scheme but their size may be
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equally as important, both for initial stocking and during the growing
season. It was assumed that, through time, the cross-sectional area
between gill rakers of the zooplanktivorous bighead carp would increase
with the size of the fish. Thus, as it grows, the kinds of organisms
bighead carp consumes will vary as a function of size. Assuming
increased metabolic demands and proportionally increased filtration
capacity, a progressively greater fraction of the total prey community
would be consumed during fish growth. So that the bighead carp could
maximize consumption of its food base resource, it may be advantageous to
stock several sizes with periodic harvesting during the growing season.
The principal objectives of this study were (1) to determine differences
in zooplankton dynamics between the control pond and the polycultured
ponds, and (2) to examine the bighead carp and zooplankton relationships
and substantiate the predator-prey premise by correlating interraker
space with size of carp and of prey organisms consumed.
Methods
From 1 June through 1 September 1981, zooplankton communities in
manure-enriched ponds containing Chinese carps and prawns (ponds 11 and
12) and in a control pond containing no fish or prawns (pond 10) were
sampled monthly with a Waite-O'Grady sampling apparatus (Waite and
O'Grady 1980). On each collection date, two sets of replicate samples
were obtained from each pond; one set was collected from the deepest
point in the pond and the other was taken where waters were less than 1 m
deep. All collections consisted of vertical tows with sample volumes of
50-75 liters. Organisms were fixed and preserved in an alcohol-formalin
solution tinted with rose bengal. Samples were identified and enumerated
in the laboratory according to previously used methodologies (Buck and
Gorden 1981).
In addition, on each sampling date 5-6 bighead carp were seined from a
study pond that contained fish (twice each from ponds 11 and 12). The
fish were weighed and measured; the gut of each fish was dissected
starting immediately behind the pharynx. The first 2 cm of gut from each
fish was dissected and washed. Food items were placed in bottles,
labeled, and stored for later analysis. All gill arches on the left side
of each fish were removed and placed in bottles; care was taken not to
lose material adhering to the tissues at the time of dissection. The
gill arches were subsequently washed to remove the adhering organisms.
Four 2 0-mm sections were carefully detached from each gill arch and
interraker distances were measured with the aid of a compound microscope
fitted with an ocular micrometer (magnification 100X). The sections were
mounted in glycerine to keep rakers relatively immobile during
examination. All spaces of each section were measured.
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Results and Discussion
Zooplankton Community Structure. Of the 35 taxa collected in all three
study ponds, 27 had been collected in 1980 and eight taxa were new (Table
4.1). During the 1981 study, a number of taxa were consistently found
only in pond 10 or only in ponds 11 and 12 (Table 4.2). For instance,
Ceriodaphnia, Macrocyclops, and Brachionus patulus were found only in
pond 10 while Macrothrix, Ilvocryptus, Leydigia, Brachionus bidentata,
and B. calvciflorus were limited to ponds 11 and 12. Because a majority
of the taxa listed in Table 4.2 were prevalent in ponds containing fish
in previous studies, it is evident that fish predation had no major role
in regulating species composition. However, the presence of fish may
indirectly affect zooplankton community structure by their effect on
bacterial-algal communities, both through direct cropping and composition
of fecal material.
There were few discernible trends in the numbers of taxa collected in
ponds with or without fish (Table 4.3). Generally, numbers of taxa were
greater in the fish-prawn ponds (ponds 11 and 12) in early to mid-summer,
but during late summer and early autumn the control pond (pond 10) had
the greatest numbers of taxa. Cladocerans and copepods in ponds 11 and
12 during the last three sampling dates suffered the greatest losses,
probably as a direct result of predatory pressure by fish.
Total zooplankton biomass ranged from 8 to 82 times greater in pond 10
compared to the mean biomass values in ponds 11 and 12 (Table 4.4). For
every sampling date at pond 10, the Crustacea (Cladocera and Copepoda)
constituted 90-99% of the total biomass. In comparison, the biomass of
crustaceans and rotifers in ponds 11 and 12 was relatively more evenly
divided from mid-June to early August; in September the crustaceans were
the dominant forms in a community with a total biomass of less than 50 mg
m- 3 . Rotifer mass in pond 10 constituted between 1 and 10% (mean = 4.5%,
n = 5) of total zooplankton while in ponds 11 and 12 values ranged from 0
to 54% (mean = 26.8%, n = 10).
The total biomass of zooplankton in pond 10 ranged from 237 mg m-3 in
July to 755 mg m- 3 in August with a seasonal mean of 518 mg m- 3 . In
contrast, total biomass ranged from 24 to 49 mg m- 3 in pond 11 and from 4
to 38 mg m- 3 in pond 12. Seasonal means were 36 and 19 mg m- 3 ,
respectively.
Relative abundance of Crustacea and Rotifera for each study pond is
summarized in Table 4.5. Figures 4.1-4.4 show that nauplii, copepodida,
mature Copepoda, and Cladocera, respectively, all occurred in
significantly greater densities in pond 10 than in ponds 11 and 12
(t-test, P < 0.05). Rotifer abundance in pond 10 was not significantly
different from that of ponds 11 and 12 for four of the five sampling
dates (Figure 4.5). Figure 4.6 shows the relative abundance of all
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groups in pond 10 during the study period; the Cladocera, Copepodida,
and mature Copepoda had similar seasonal trends of abundance while
nauplii and Rotifera were variable.
The relative densities of zooplankton and phytoplankton in pond 10 are of
special interest. Notice the near similarity of zooplankton density to
phytoplankton density (Table 4.6) with virtually no secondary or tertiary
predators present. In natural systems phytoplankton numbers usually
exceed those of zooplankton by a factor of 100 to 10,000 or more. In
pond 10, zooplankton densities were nearly sufficient to control
phytoplankton densities on a one-to-one basis and without the help of
herbivorous fishes. Zooplankton consumed primarily phytoplankton and had
little effect on surface-covering filamentous algae. Continued growth of
the latter blocked available sunlight and further reduced the rate of
phytoplankton growth. The paucity of benthic fish and large
invertebrates resulted in little substrate agitation and lessened
inorganic turibidity. All of these factors combined to produce a system
that, when fertilized, was dominant in primary consumers, i.e.,
zooplankton.
Bighead Car Dynamics. Lengths and weights of bighead carp and the
measured interraker distances are given in Table 4.7. There was a strong
positive correlation between the size of the fish and the distance
between rakers (r = 0.806, P = 0.01). Gill rakers of the bighead carp
are relatively short and thick compared to those of other carps (Cremer
and Smitherman 1980); they are closely set but separate. For each fish
the distances between rakers varied less than 10%. As a bighead carp
increased in length and mass, its interraker distance also increased.
The net result of such a correlation is that the type of food materials
may change as a function of the size of the prey organism. This
phenomenon would have the greatest impact on the smallest sizes of
organisms, since all taxa larger than the interraker spaces at any
particular time will be impinged.
Food materials found in the gill arches were virtually the same as those
items extracted from the oral cavity/foregut region. Zooplankton in
the gills and foregut were also collected in the water column. Moreover,
most of the taxa consumed are pelagic species; therefore, it can be
presumed that much of the filter-feeding activities of the bighead carp
occur throughout the water column. Quantities and biomass of these
organisms were not calculated because, following the seining procedures,
fish were held in pond water 10 minutes prior to dissection. However,
size and composition of prey organisms were determined.
The size of prey extracted from gill rakers and the foregut of bighead
carp throughout the study period is detailed in Table 4.8. There was no
evidence that prey organism size was a function of carp length or of
interraker space. Unfortunately, rotifers, protozoans and juvenile
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crustaceans were difficult to detect even with repeated washings of the
tissues. Although these organisms may have been retained by the gill
rakers, it is still plausible that as the fish increases in size and the
interraker space increases, a greater number of small organisms will not
be retained. Either a longer growing season or two or more seasons of
study would be helpful in making this determination.
Organisms too small for bighead carp (small rotifers, nauplii, single
cell algae, and bacteria) may, however, be used by silver carp, which
have much smaller spaces between rakers (Berry and Low 1970). This
partitioning of the food base by size may be an additional advantage for
high co-production of these two fishes.
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Table 4.1. Spatial distribution of zooplankton collected between 1
June and 1 October 1981 in ponds 10, 11, and 12. All three ponds were
enriched with swine manure; ponds 11 and 12 were stocked with fish and
prawns while pond 10 was not stocked. * indicates species found during
summer 1980.
17 Jun 8 Jul 5 Aug 1 Sep 22 Sep
10 11 12 10 11 12 10 11 12 10 11 12 10 11 12
Rotifera
Family Brachionidae
Brachionus angularis*
B. bidentata*
B. calyciflorus*
B. quadridentata*
B. caudatus*
B. patulus*
Mvtilina sp.
Keratella cochlearis
Platyias auadricornis
Euclanus dilatata
Family Lecanidae
Lecane luna*
Monostvla bulla
Family Trichocercidae
Trichocerca multicrinis
Family Asplanchnidae
Asplanchna priodonta*
Family Philodinidae
Rotaria neptunia*
Arthropoda
Class Crustacea
Subclass Branchiopoda
Order Cladocera
Family Sididae
Diaphanosoma brachyurum*
Family Daphnidae
Daphnia pulex*
Ceriodaphnia sp.*
Simocephalus vetulus*
Scapholeberis king*
X
x
x
X
X
X
x
x
x
X
X
X
X
X X X
X
X
X
X
X
X
X
xX
X X X X X X
X
X
X X X X
X X X
X
X
X
X
x
X X
X X
X
X
X X
X X
X
X X
X X
X X X X X X
xx xx x x x x
x
X
X X
X
X X X
X X X
X X X X X
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Table 4.1 (continued).
17 Jun 8 Jul 5 Aug 1 Sep 22 Sep
10 11 12 10 11 12 10 11 12 10 11 12 10 11 12
Family Bosminidae
Bosmina longirostris* X X X X X
Family Macrothricidae
Macrothrix laticornis* X
Ilyocryptus sordidus* X X X X
Family Chydoridae
Chvdorus sphaericus* X X X X X X X
C. globosus X X X
Pleuroxus denticulatus* X X X X X X X
Alona sp.* X X X X X X
Leydigia acanthocercoides X X X X
Family Moinidae
Moina micrura* X X X X X X X X X X X X
Subclass Copepoda
Order Calanoidae
Diaptomus pallidus* X X X X X X X X X X
Order Cyclopoida
Eucyclops agilis* X X X X X
E. speratus* X
Macrocyclops albidus* X X X
Mesocyclops edax* X X X X X X
Order Harpacticoida* X X X
Table 4.2. Species that were limited to either pond 10 (without
fish or prawns) or ponds 11 and 12 (with fish and prawns) from June
through September 1981 and their occurrence during 1980.
Occurrence in 1980
Collected only in pond 10
Mvtilina sp.
Brachionus patulus
Lecane luna
Trichocerca multicrinis
Ceriodaphnia sp.
Macrocyclops albidus
Collected only in ponds 11 and 12
Brachionus bidentata
B. calyciflorus
Rotaria neptunia
Macrothrix laticornis
Ilvocryptus sordidus
Levdigia acanthocercoides
Eucyclops speratus
New species in 1981
Collected in ponds 10, 11,
Collected in ponds 10, 11,
New species in 1981
Collected in pond 13 only
Collected in pond 13 only
and 12
and 13
Collected in all ponds
Collected in all ponds
Collected in all ponds
Collected in ponds 11 and 12
Collected in ponds 10 and 12
New species in 1981
Collected in all ponds
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Table 4.3. Number of zooplankton taxa collected in ponds 10, 11, and
12 from June through September 1981.
17 Jun 8 Jul 5 Aug 1 Sep 22 Sep
Pond 10
Rotifera 1 6 7 4 5
Cladocera 8 4 6 5 5
Copepoda 2 3 3 3 3
Total 11 13 16 12 13
Pond 11
Rotifera 5 4 5 5 2
Cladocera 6 5 4 5 4
Copepoda 3 1 0 1 2
Total 14 10 9 11 8
Pond 12
Rotifera 6 6 4 2 1
Cladocera 7 5 4 4 2
Copepoda 3 4 0 1 0
Total 16 15 8 7 3
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Table 4.4. Zooplankton biomass (milligrams dry weight per cubic meter) in
S10, 11, and 12 from June through September 1981. Relative biomass of major
groups is given as a percentage of the total in parentheses.
17 Jun 8 Jul 5 Aug 1 Sep 2 2 Sep
Pond 10
Crustacea 503 (97) 217 (92) 748 (99) 543 (90) 477 (99)
Rotifera 16 (3) 20 (8) 7 (1) 58 (10) 3 (1)
Total 519 237 755 601 480
Pond 11
Crustacea 35 (71) 11 (46) 13 (52) 42 (98) 36 (92)
Rotifera 14 (29) 13 (54) 12 (48) 1 ( 2) 3 ( 8)
Total 49 24 25 43 39
Pond 12
Crustacea 25 (78) 25 (66) 7 (54) 4(100) 6 (75)
Rotifera 7 (22) 13 (34) 6 (46) 0 ( 0) 2 (25)
Total 32 38 13 4 8
Table 4.5. Abundance (numbers of organisms per cubic meter) of
zooplankton in ponds 10, 11, and 12 from June through September in 1981.
17 Jun 8 Jul 5 Aug 1 Sep 22 Sep Mean
Pond 10
Crustacea 304,280 139,790 206,930 213,800 146,630 2.02 x 105
Rotifera 48,490 51,710 29,280 177,370 9,920 6.34 x 104
Pond 11
Crustacea 25,860 2,550 6,740 4,340 3,590 8.62 x 103
Rotifera 26,390 27,670 33,340 3,270 9,140 2.00 x 104
Pond 12
Crustacea 9,560 15,230 4,100 1,550 4,150 6.92 x 103
Rotifera 17,280 19,620 16,640 630 2,490 1.33 x 104
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ponds
Table 4.6. Seasonal mean values of zooplankton, phytoplankton, and
light extinction in ponds 10, 11, and 12 from June through September 1981.
Pond 10 Pond 11 Pond 12
Zooplankton
Density (# m- 3 )
Crustacea 2.02 x 105 8.62 x 103  6.92 x 103
Rotifera 6.34 x 104  2.00 x 104  1.33 x 104
Total 2.65 x 105 2.86 x 104 2.02 x 104
Biomass (mg m- 3 )
Crustacea 498 27 13
Rotifera 21 9 6
Total 519 36 19
Alage
Density (# m- 3 )
Total phytoplankton 5.00 x 106 3.46 x 107 4.42 x 107
Cholorphyll a (mg m- 3 ) 6.9 55.9 68.1
Filamentous algae
(% cover) 59 0 0
Light extenction
coefficient* 1.53 4.33 4.49
* A value of 1.00 is equivalent to distilled water.
correspond to increased turbidity.
Higher values
Table 4.7. Measured distances (in microns) between gill rakers
compared to length (millimeters) and weight (grams) of bighead carp
collected from ponds 11 and 12 from June through September 1981. ND = not
determined.
Interraker Fish Fish
Date Fish Collected from distance length weight
17 Jun 1 Pond 11 40- 60 278 209
2 40- 60 226 115
3 40- 60 292 254
4 40- 60 252 158
5 40- 60 290 246
6 40- 60 276 222
Mean 50 269 201
8 Jul 1 Pond 12 51-154 320 362
2 41-103 286 194
3 61-103 254 168
4 41- 82 248 163
5 72-143 277 212
Mean 85 277 220
5 Aug 1 Pond 12 72-102 309 ND
2 51-121 327 ND
3 51-111 276 ND
4 80-120 310 ND
5 41-111 265 ND
Mean 85 297
1 Sep 1 Pond 11 92-123 333 413
2 92-102 295 257
3 62- 92 279 247
4 82-112 300 392
5 92-102 282 238
Mean 95 297 309
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Table 4.8. Zooplankton taxa and size range (in microns) extracted
from gill arches and the first 2 centimeters of foregut from bighead carp
collected from ponds 11 and 12, summer 1981.
Taxa Size Range (microns)
Pond 11 - 17 June
Diaphanosoma
Daphnia pulex
Scapholeberis ki
Bosmina longiros
Pleuroxus dentic
Moina micrura
Diaptomus pallid
Eucyclops agilis
Mesocyclops edax
Pond 12 - 8 July (
Rotaria neptunia
Diaphanosoma
Daphnia pulex
Simocephalus
Bosmina longiros
Ilvocryptus sord
Moina micrura
Diaptomus pallid
Mesocyclops edax
Pond 12 - 5 August
Asplanchna
Rotaria neptunia
Diaphanosoma
Ilyocryptus sord
Pleuroxus dentic
Moina micrura
(mean interraker distance = 50 microns)
800- 900
1300-2200
.ngi 800-1000
tris 400- 500
ulatus 500- 600
500- 600
.us 1000-1200
700-1500
1000-1500
mean interraker distance = 85 microns)
1000-1500
800- 900
1300-2200
3000
tris 400- 500
[idus 1000
500- 600
lus 1000-1200
1000-1500
S(mean interraker distance = 85 microns)
1000-1500
S1000-1500
800- 900
lidus 1000
:ulatus 500- 600
500- 600
Pond 11 - 1 September (mean interraker
Rotaria neptunia
Diaphanosoma
Bosmina longirostris
Leydigia
Moina micrura
Diaptomus pallidus
distance =
1000-1500
800- 900
400-500
1000-1500
500- 600
1000-1200
95 microns)
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Study V
PHYTOPLANKTON POPULATIONS IN MANURE-ENRICHED PONDS
by
Larry W. Coutant
Introduction
Phytoplankton populations in three ponds enriched with swine manure were
studied to determine temporal changes in the quality and quantity of the
algal flora. The purpose of this study was to measure differences in the
composition and abundance of phytoplankton between two ponds that
contained fish and prawns (ponds 11 and 12) and one pond without fish and
prawns (pond 10).
Methods
Duplicate phytoplankton samples were collected every 3 weeks from 17
June through 22 September 1981 from ponds 10, 11, and 12 located at the
Illinois Natural History Survey field laboratory near Kinmundy, Illinois.
A phytoplankton sample consisted of 1 liter of depth-integrated water
taken from the surface to the bottom of the euphotic zone. The samples
were immediately preserved with 10 ml of acidified Lugol's solution and
were returned to the laboratory where they were allowed to settle for
approximately 7 days. The water was removed from each sample using a
suction hose and a "j" shaped tube so that the final volume of water and
organisms was 50 ml. Three subsamples from each sample were placed into
Palmer-Maloney nannoplankton cells and four visible fields from each cell
were examined at 400x. All non-diatom algae were identified to the
lowest possible taxon and diatoms were recorded as centric or pennate
with the exception of Rhizosolenia spp. and Skeletonema potamos (Weber)
Hasle, which were identified to species when possible. Densities of
algae were computed using the appropriate multiplication factors to give
results as algal units per liter (AU/1). An algal unit was defined as:
Algal form Cells per unit
Unicellular -each cell or diatom frustule
Colonial -4 cells, except bluegreen algae
with cells less than 2 microns
in diameter in 50-cell units
Filamentous -100-micron lengths as one unit
Taxonomic keys used for algal identifications included Hustedt (1930),
Smith (1950), Prescott (1962), Tiffany and Britton (1971), Patrick and
Reimer (1966 and 1975), and Komarkova-Legnerova (1969).
Water samples for chlorophyll a and phaeophytin a determinations were
taken along with phytoplankton samples. Samples of 100-500 ml were
filtered through Gelman A/E glass fiber filters and were frozen for
later analysis. The filters were homogenized using a tissue grinder and
analyzed using a Bausch and Lomb Spectronic 70 spectrophotometer
according to methods described by APHA et al. (1976).
Results and Discussion
Phvtoplankton Composition. Fifty-seven taxa were identified from
collections taken in ponds 10, 11, and 12 from 17 June through 22
September 1981 (Table 5.1). More taxa were present in ponds 11 and 12
(with fish) than in pond 10 (without fish). Spermatazoopsis exultans
Korshikov, Tetraedron spp. (3 species), Monoraphidium spp. (3 species),
and Crucigenia spp. (3 species), cf. Chrysococcus spp., and centric
diatoms were found several times in ponds 11 and 12 but infrequently or
not at all in pond 10 (Table 5.1). Conversely, several bluegreen
(Cyanophyta) filamentous algae, including Oscillatoria geminata Menegh.,
0. limnetica Lemm., Lvngbva spp., and Anabaena spp., were found several
times in pond 10 but not at all or infrequently in ponds 11 and 12 (Table
5.1).
The major algal divisions that comprised the majority (based on
abundance) of phytoplankton in all three study ponds were the Chlorophyta
(green algae), Bacillariophyta (diatoms), Chrysophyta (yellow-green
algae), Cryptophyta (a group of naked flagellates), and Cyanophyta
(blue-green algae). These five divisions collectively comprised 93%,
96%, and 97% of the phytoplankton in ponds 10, 11, and 12, respectively
(Table 5.2).
Green algae were most abundant in ponds 11 (41%) and 12 (40%), followed
in relative abundance by the Cryptophyta (22% in each pond); in pond 10,
the relative abundance of those two groups was reversed with Cryptophyta
comprising 45% and Chlorophyta only 27% (Table 5.2). The Chrysophyta and
Bacillariophyta were the next two most abundant groups in all three
ponds.
Standing Crop. Densities of phytoplankton ranged from 2,000 to 12,500
AU/ml in pond 10, from 17,700 to 50,200 AU/ml in pond 11 and from 27,000
to 94,600 AU/ml in pond 12 during the 1981 sampling period (Table 5.3).
The seasonal mean standing crops for pond 11 (35,600 AU/ml) and pond 12
(44,200 AU/ml) were significantly greater than that for pond 10 (5,000
AU/ml) (Tables 5.3 and 5.4).
Chlorophyll a concentrations in the ponds followed the same general trend
(Table 5.5). Chlorophyll a concentrations ranged from 1.5 to 16.9 mg/m3
in pond 10, from 31.9 to 81.6 mg/m 3 in pond 11, and from 19.8 to 172.4
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mg/m 3 in pond 12 (Table 5.5). The seasonal mean concentrations of
chlorophyll were significantly greater in ponds 11 (55.9 mg/m 3 ) and 12
(68.1 mg/m3) than in pond 10 (6.9 mg/m3) (Table 5.6).
The standing crop of filamentous algae was greater in pond 10 than in
ponds 11 and 12 throughout the study (Table 5.7), apparently due to the
absence of fish. Grass carp feed on filamentous algae and appeared to
control its growth in ponds 11 and 12. Moreover, without fish in pond
10 the sediment was not continuously disrupted, allowing greater light
penetration and growth of filamentous algae.
Factors Affecting Phytoplankton Abundance. There was an inverse
relationship between zooplankton biomass and phytoplankton chlorophyll a.
concentrations (r = -0.662, p = 0.0036) and between zooplankton biomass
and phytoplankton densities (r = -0.664, p = 0.0035) (Table 5.8). There
was also an apparent inverse relationship of phytoplankton and
chlorophyll a concentrations to filamentous algae standing crop (Tables
5.3, 5.5, and 5.7). These data suggest that phytoplankton standing crop
was limited to relatively low levels in pond 10 by zooplankton grazing
and by competition with filamentous algae for light and nutrients.
Conversely, the greater phytoplankton standing crops in ponds 11 and 12
were due to the lack of extensive filamentous algae cover and the lower
abundance of zooplankton in those ponds (see Study IV), even though
silver carp did ingest large numbers of phytoplankton (Table 5.9).
Turbidity and computed light extinction coefficients were consistently
greater in ponds 11 and 12 than in pond 10 (Table 5.10). Reduced light
near the bottom of ponds 11 and 12 limited phytoplankton growth there. A
positive correlation was found between phytoplankton densities and light
extinction coefficients (r = 0.730, p = 0.001) and between chlorophyll a
concentrations and light extinction coefficients (r = 0.859, p =
0.00001), suggesting that large populations of phytoplankton contributed
to the turbidity in ponds 11 and 12. There was more suspended inorganic
matter, measured as fixed filtered suspended solids, in pond 11 (seasonal
mean = 26.0 ppm) and pond 12 (seasonal mean = 22.1 ppm) than in pond 10
(seasonal mean = 3.1 ppm), thus inorganic compounds also contributed to
the turbidity in ponds 11 and 12.
Increased suspension of inorganic substances in ponds 11 and 12 may have
been due to feeding and other activities of the fish that stirred up
sediments. Fish movements may also have helped to maintain algae in the
water column in ponds 11 and 12; without fish in pond 10 there was
reduced mixing and increased settling of non-motile phytoplankton. The
increased concentrations of suspended inorganic matter in ponds 11 and 12
may also have contributed to the growth of phytoplankton by increasing
nutrient availability. Thus, fish activities that resulted in suspension
of sediments and decomposition of organic material in ponds 11 and 12
may have contributed to the greater standing crops of phytoplankton.
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Table 5.1. Incidence of phytoplankton in ponds 10, 11, and 12 from
17 June through 22 September 1981.
Pond 10 11 12
Chlorophyta
Green coccoids 9 10 10
Green colonies 3 5 7
Chlamydomonads 8 10 10
Carteriads 0 0 1
Spermatazoopsis exultans Korshikov 1 7 10
Chlorogonium spp. Ehr. 2 8 3
Elakatothrix spp. Willie 0 0 1
Golenkinia spp. Chodat 0 1 0
Golenkinia radiata Chodat 0 1 0
Micractinium pusillum Fresenius 0 2 1
Micractinium pusillum v. elegans G. M. Smith 0 0 1
Schroederia spp. Lemm. 6 6 6
Sorastrum spp. Kuetzing 0 0 1
Ceelastrum spp. Nageli 0 0 1
Treubaria setigerum (Archer) G. M. Smith 0 3 2
Kirchneriella spp. Schmidle 0 1 2
Tetraedron caudatum (Corda) Hansgirg 0 1 0
Tetraedron minimum (A. Braun) Hansgirg 0 1 3
Tetraedron trigonum (Nageli) Hansgirg 0 0 3
Monoraphidium spp. Kom.-Legn. 1 6 5
Monoraphidium arcuatum (Korshikov) Hindak 0 0 1
M. contorium (Thuret In Breb) Kom.-Legn. 0 7 5
Monoraphidium minutum (Nageli) Kom.-Legn. 0 0 1
Scenedesmus abundans (Kirchner) Chodat 0 1 0
Scenedesmus biuga (Turpin) Lagerh. 0 7 9
Scenedesmus dimorphus (Turpin) Kutz. 0 0 2
Scenedesmus quadricauda (Turpin) De Brebisson 1 10 10
Scenedesmus trainorii v. trainorii Shubert 0 0 1
Crucigenia spp. Morren 0 0 1
Crucigenia irregularis Wille 0 0 1
Crucigenia rectangularis (Nageli) Gay 0 1 3
Crucigenia tetrapedia (Kirchner) West & West 0 0 1
Tetrastrum heterocanthum (Nordst.) Chodat 0 0 1
Euglenophyta
Euglena spp. Ehr. 1 2 4
Trachelomonas spp. Ehr. 1 i 1
Trachelomonas volvocina Ehr. 0 1 3
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Table 5.1 (continued).
Pond 10 11 12
Chrysophyta
Uniflagellate chysophytes 6 8 9
Unidentified chrysophytes 1 0 0
cf. Chrysococcus spp. Klebs 0 4 8
Mallomonas spp. Perty 6 9 6
Biflagellated chrysophytes 4 3 4
Chrysochromulina parvum Lackey 2 5 6
Bacillariophyta
Unidentified centrics 0 10 10
Rhizosolenia eriensis H. L. Smith 0 0 1
Unidentified pennates 5 5 9
Pyrrophyta
cf. Gymnodinium spp. Stein 2 3 1
Cyanophyta
Unidentified bluegreen filaments 0 1 0
cf. Rhabdoderma spp. Schmidle & Lauterborn 0 0 2
Aphanocapsa spp. Nageli 0 0 1
Aphanocapsa delicatissima West & West 0 1 4
Merismopedia spp. Meyen 0 0 1
Merismopedia tenuissima Lemm. 0 0 1
Oscillatoria geminata Menegh. 5 4 1
Oscillatoria limnetica Lemm. 5 4 1
Lyngbya spp. Agardh 1 0 0
Anabaena spp. Bory 3 0 0
Cryptophyta
Unidentified cryptomonads 8 10 10
Chronmonas spp. Hansgirg 6 10 10
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Table 5.2. Relative abundance (%) of
phytoplankton samples collected in
through 22 September 1981.
ponds 10,
major algal divisions in
11, and 12 from 17 June
17 Jun 8 Jul 5 Aug 1 Sep 22 Sep Mean
Chlorophyta
Pond 10 41.0 52.6 8.2 9.2 24.8 27.2
Pond 11 38.7 51.8 67.8 20.0 28.4 41.3
Pond 12 42.8 54.9 26.9 36.1 39.5 40.0
Bacillariophyta
Pond 10 1.0 0.0 1.5 12.9 0.0 3.1
Pond 11 10.0 33.3 3.2 9.7 5.9 12.4
Pond 12 24.5 14.8 14.1 5.2 37.1 19.1
Chrysophyta
Pond 10 0.0 5.1 11.3 33.8 24.8 15.0
Pond 11 15.0 3.9 9.8 15.0 57.2 20.2
Pond 12 6.6 19.0 23.0 21.8 9.4 16.0
Cryptophyta
Pond 10 52.0 19.5 69.8 38.6 49.6 45.9
Pond 11 33.7 3.6 12.6 52.1 6.8 21.8
Pond 12 22.9 7.0 31.6 36.1 10.8 21.7
Cyanophyta
Pond 10 0.0 .0. 1.9 5.5 0.7 1.6
Pond 11 0.0 .0. 2.3 1.2 0.2 0.7
Pond 12 1.1 0.3 0.4 0.4 0.0 0.4
Table 5.3 Total densities (algal units/milliliter) of phytoplankton
collected in ponds 10, 11, and 12 from 17 June through 22 September 1981.
17 Jun 8 Jul 5 Aug 1 Sep 22 Sep
Pond 10 3,172 12,515 6,178 1,972 1,406
Pond 11 17,702 42,622 32,209 35,200 50,151
Pond 12 29,039 94,602 32,496 27,061 37,728
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Table 5.4. Rankings of mean densities (algal units/milliliter) of
phytoplankton collected from ponds 10, 11, and 12 from 17 June through 22
September 1981. Rankings are based on a one-way analysis of variance and
Duncan's multiple range test. Means underscored by the same line are not
significantly different at the 0.05 level.
Pond 10 Pond 11 Pond 12
Mean 5,049 35,577 44,185
Table 5.5. Chlorophyll a concentrations (milligram per cubic
meter) in ponds 10, 11, and 12 from 17 June through 22 September 1981.
17 Jun 29 Jun 8 Jul 28 Jul 5 Aug 12 Aug 1 Sep 22 Sep
Pond 10 10.8 1.5 5.8 2.6 16.9 4.1 4.5 8.8
Pond 11 81.6 60.1 58.0 31.9 42.5 47.4 73.2 52.4
Pond 12 67.3 37.2 90.8 19.8 41.2 41.2 74.6 172.4
Table 5.6. Rankings of mean concentrations of chlorophyll a
(milligrams per cubic meter) in ponds 10, 11, and 12 from 17 June through
22 September 1981. Rankings are based on a one-way analysis of variance
and Duncan's multiple range test. Means underscored by the same line are
not significantly different at the 0.05 level.
Pond 10 Pond 11 Pond 12
Mean 6.8 55.9 68.1
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Table 5.7. Relative abundance (percent pond cover) of filamentous
algae in ponds 10, 11, and 12 from 17 June through 22 September 1981
estimated by visual observation.
17 Jun 29 Jun 8 Jul 29 Jul 5 Aug 12 Aug 1 Sep 22 Sep
Pond 10 30 65 10 65 90 65 75 70
Pond 11 0 0 0 0 0 0 0 0
Pond 12 0 0 0 0 0 0 0 0
Table 5.8. Correlations of chlorphyll a concentrations (milligrams
per cubic meter) and phytoplankton densities (algal units per milliliter)
with zooplankton biomass (milligrams per cubic meter) and light extinction
coefficients; significance levels are included in parentheses.
Zooplankton Light extinction
biomass coeff icients
Phytoplankton densities -0.664 0.730
(0.0035) (0.001)
Chlorophyll a -0.662 0.859
(0.0036) (0.00001)
Table 5.9. Concentrations of phytoplankton (algal units/gram) in
foreguts and hindguts of silver carp collected from ponds 11 and 12 on 29
June and 1 September 1981.
Fish 1 Fish 2
Foregut Hindgut Foregut Hindgut
29 Jun
AU/g dry weight 202 393 203 79
AU/g ash-free
dry weight 228 448 231 104
AU/g ash weight 1,742 3,207 1,684 318
1 Sep
AU/g dry weight 137 22 36 8
AU/g ash-free
dry weight 202 25 124 10
AU/g ash weight 428 253 50 51
Table 5.10. Light extinction coefficients computed for ponds 10, 11,
and 12 from 17 June through 22 September 1981.
17 Jun 29 Jun 8 Jul 29 Jul 5 Aug 12 Aug 1 Sep 22 Sep
Pond 10 1.48 1.48 1.12 1.10 2.87 1.47 1.40 1.29
Pond 11 4.61 4.68 4.72 4.68 4.40 3.57 4.85 3.16
Pond 12 4.92 4.28 6.04 2.72 3.67 4.16 3.68 6.46
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Study VI
BENTHOS IN MANURE-ENRICHED POLYCULTURE PONDS
by
Mark J. Wetzel
Introduction
Macroinvertebrates can represent a substantial portion of the biomass in
any given aquatic system. These invertebrates are important food sources
for forage and game fish populations as well as higher trophic level
aquatic invertebrates. In this study the fish populations were four
species of carp and higher trophic level invertebrates were Macrobrachium
rosenbergii, the freshwater prawn, and various asctacoidean crayfish.
Some carnivorous insects such as Tanypodinae (Diptera: Chironomidae),
backswimmers (Hemipitera: Notonectidae), waterboatmen (Hemiptera:
Corixidae), some aquatic beetles (Coleoptera), dragonflies (Odonata:
Anisoptera), and damselflies (Odonata: Zygoptera) were also present. The
objectives of this study were to: (1) determine the species composition
of macroinvertebrates in the study ponds, (2) monitor the density and
biomass of substrate-associated macroinvertebrates, and (3) determine if
changes occurred during the season.
Methods
During 1981, quantitative core samples were taken on 17 June, 15 July,
and 1 September in ponds 10, 11, and 12. Qualitative collections of all
pond-associated aquatic macroinvertebrates were taken on 17 June and 15
July. Pond 10 was not stocked with fish or prawns while ponds 11 and 12
contained fish and prawns; all three ponds were enriched with swine
manure. In pond 10, there was a high density of filamentous algae
throughout the water column, primarily Hydrodictyon sp. and a filamentous
algae mat at the pond surface. Ponds 11 and 12 were devoid of aquatic
macrophytes and algal mats.
Sediment-associated macroinvertebrates were sampled using a 31- or 36-cm2
piston corer. Two north-south transects of five cores each were taken in
each pond on each date. The five cores were spaced evenly along the
north-south axis, with transects spaced one-third of the distance from
their respective shores. Care was taken to avoid disturbing the fine
flocculent layer at the sediment-water interface. Although cores were
taken to a depth of 10 cm, macroinvertebrates were found only to a depth
of 7 cm. Each core was immediately fixed in 10% buffered formalin and
returned to the laboratory for analysis.
Samples were processed using a modified elutriation-flotation technique
that prevented abrasion and destruction of specimens. Samples were
sorted to the lowest possible taxonomic level, enumerated, and weighed to
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the nearest 0.0001 g (wet weight). Chironomidae larvae and Oligochaeta
were then mounted on slides for further identification. Quantitative
collections were combined into the following categories: Anisoptera,
Baetidae, Caenidae, Ceratopogonidae, Chironomidae larvae, Chironomidae
pupae, Coleoptera, other Ephemeroptera, Hirudinea, Nematoda, Oligochaeta,
other Diptera, Trichoptera, and Zygoptera. Numbers and biomass (g fresh
weight) per square meter of sediment were calculated for each category.
Quantitative data were examined using the Model I one-way analysis of
variance and a modified Duncan New Multiple Range Test was used to
determine significant differences between ponds and in each pond by date.
Results and Discussion
Table 6.1 is a qualitative list of aquatic macroinvertebrates collected
from ponds 10, 11, and 12 during 1981 and represents the taxa normally
found throughout the year in all ponds. Many of these taxa are not
normally collected by quantitative methods, but they are important
components of the pond. The close proximity of the ponds to each other
(5 m) did not warrant pond-by-pond analysis of qualitative
macroinvertebrate data. Oligochaetes and chironomid larvae dominated the
sediment-associated benthos, present in 91 and 53% of the core samples,
respectively (Tables 6.2 and 6.3).
Seasonal trends in macroinvertebrate populations were difficult to
demonstrate in these ponds. There were significant declines in densities
and biomass of Caenidae and Chironomidae larvae in pond 10 after the
June collection; in ponds 11 and 12 densities and biomass of chironomid
larvae declined after June (Table 6.2 and 6.3). In pond 12 the density
and biomass of Nematoda also declined significantly after June. Density
and biomass of Chironomidae larvae increased in September. A significant
decrease in Oligochaeta biomass, but not density, occurred in pond 12
between June and September, due to an increase in the populations of
Naididae, which are smaller in size than members of the other dominant
family, Tubificidae (Tables 6.2 and 6.3).
One of the problems inherent in freshwater aquaculture is the
accumulation of large amounts of organic matter on the bottom of the
pond, originating from plankton, unutilized fish food, fish excrement and
manure (Rappaport and Sarig 1975, Zur 1980). The inhibition of fish
growth may result from the accumulation of this organic matter (Rave et
al. 1979). The inhibition of growth and decreased reproduction of
benthos may also result from organic accumulation. Although the fish
populations in ponds 11 and 12 were dominated by filter-feeding
planktivores (silver and bighead carps), common carp and prawns depend
primarily on sediment-associated macroinvertebrates for food, and a
decrease in the benthos could affect their production. The accumulation
of organic matter probably increased anaerobic bacteria populations,
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water temperatures, and biological oxygen demand in the system. Many
oligochaete species are tolerant of low oxygen levels. They will often
tolerate a reduction in dissolved oxygen, provided that it is gradual.
Most species of Chironomidae, however, are more sensitive to oxygen
stress (Kugler and Chen 1968).
The presence of aquatic macrophytes enhances benthic production (Krecker
1939, Gerking 1957, Petr 1968, Krull 1970). Algal mats can also provide
substrate and refuge for many aquatic invertebrates. Although
macrophytes were not present in any of the study ponds, the algal mats in
pond 10, the least turbid of the three ponds, may have provided an
important habitat for Caenidae. Higher turbidities in ponds 11 and 12,
due to the presence of carp and higher densities of phytoplankton,
probably eliminated algal mats and the subsequent production of Caenidae.
The author would like to acknowledge the assistance of Gary L. Warren for
identification of chironomid larvae, Dr. Warren U. Brigham for
identification of Coleoptera, Thomas E. Hill of the State Water Survey
for identification of Corixidae, Stephen T. Sobaski for computer analysis
of data, Dawn Lutz and Dede Miller for assistance in the field and for
processing in the laboratory, and the staff of the Sam A. Parr Fisheries
Research Center for assistance in the field and laboratory.
Table 6.1. Aquatic macroinvertebrates collected in ponds 10, 11,
and 12 from June through September 1981. Qualitative samples were
collected using a sweep net; quantitative samples were collected using
a piston corer. The number in parentheses represents the percent
occurrence of that taxon in the total number of cores (90).
Qualitative Quantitative
Bryozoa x x ( 2)
Nematoda x x (23)
Annelida
Oligochaeta x x (91)
Naididae x x
Dero digitata Muller x x
Nais communis Piguet x x
Tubificidae
Ilvodrilus templetoni (Southern) x x
Limnodrilus hoffmeisteri Claparede x x
Hirudinea
Glossiphoniidae
Helobdella triserialis (E. Blanchard) x x ( 1)
Ephemeroptera
Baetidae
Callibaetis sp. x ( 3)
Caenidae
Caenis sp. x x (12)
Ephemeridae
Hexagenia sp. x x (1)
Trichoptera x x (1)
Hydroptilidae
Oxyethira sp. x
Coleoptera x x (7)
Dytiscidae x x (2)
Laccophilus spp. larvae x
L. fasciatus rufus Melsheimer x
L. maculosus maculosus Say x
L. proximus Say x
Hydroporus sp. A x
Elmidae x
Gyrinidae x x ( 1)
Dineutes larvae x
D. assimilus (Kirby) x
Gyrinus analis Say x
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Table 6.1 (continued)
Qualitative Quantitative
Haliplidae x x (2)
Peltodvtes edentulus (LeConte) x
P. litoralis Matheson x
P. sexmaculatus Roberts x
Noteridae
Hydrocanthus iricolor Say x
Hydrochidae
Hydrochus sp. x
Hydrophilidae
Berosus pantherinus LeConte x
B. peregrinus (Herbst) x
Enochrus pygmaeus nebulosus (Say) x
Helochares maculicollis Mulsant x
Helophorus sp. A x
Helophorus sp. B x
Tropisternus spp. larvae x
T. lateralis numbatus (Say) x
T. natator d'Orchymont x
Curculionidae x
Hemiptera
Belostomatidae
Belostoma flumineum Say x
Corixidae
Ramphocorixa accuminata (Uhler) x
Trichocorixa kansa Sailer x
Gerridae
Gerris remigis Say x
Mesove liidae
Mesovelia mulsanti White x
Notonectidae
Buenoa sp. x
Notonecta sp. x
Veliidae x
Odonata x x
Anisoptera x x(2)
Celithemis elisa (Hagen) x
C. eponina (Drury) x
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Table 6.1 (continued)
Qualitative Quantitative
Erythemis simplicicollis (Say) x
Libellula luctuosa Burmeister x
L. pulchella Drury x
Pachydiplax longipennis (Burmeister) x
Perithemis tenera (Say) x
Tramea carolina (Linnaeus) x
T. lacerata Hagen x
Zygoptera
Coenagrionidae x x (3)
Decapoda
Astacidae
Orconectes virilis Hagen x
Mollusca
Physidae
Physa sp. x
Diptera x x
Ceratopogonidae x x (20)
Palpomyia complex x x
Chaoboridae x x (2)
Chaoborus (Sayomvia) punctipennis Say x x
Culicidae
Culex sp. x x
Psychodidae
Psychoda sp. x
Chironomidae larvae x x (53)
Tanypodinae x x
Pentaneurini
Ablabesmyia x
Labrundinia x
Macropeliini
Procladius x
Coelotanypodinae x x
C I ino t anypus x
Tanypodini
Tanypus x
Chironominae x x
Tanytarsini
Cladotanytarsus x
Clinotanytarsus x
Tanytarsus x
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Table 6.1 (continued)
Qualitative Quantitative
Chironomini x x
Chironomus x
Cryptochironomus x
Dicrotendipes x
Glyptotendipes x
Microchironomus
(=Leptochironomus) x
Polypedilum x
Pseudochironomus x
Stictochironomus x
Cryptotendipes x
Chironomidae pupae x x (9)
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Table 6.2. Mean density (number per square meter) of major taxa of
macroinvertebrates associated with sediments in ponds 10, 11, and 12.
Samples were collected from June through September 1981.
Pond 10 Pond 11 Pond 12
Caenidae
17 Jun
15 Jul
1 Sep
Ceratopogonidae
17 Jun
15 Jul
1 Sep
Chironomidae larvae
17 Jun
15 Jul
1 Sep
Nematoda
17 Jun
15 Jul
1 Sep
Oligochaeta
17 Jun
15 Jul
1 Sep
Total invertebrates*
17 Jun
15 Jul
1 Sep
2,389
129
32
111
32
65
15,667
226
419
83
97
32
1,861
8,129
11,032
21,833
8,613
11,645
56
32
1,556
355
28
32
5,667
1,935
4,419
7,361
1,968
4,871
222
32
32
2,889
323
97
278
129
32
7,333
6,484
12,866
10,750
6,968
12,968
*Includes Baetidae, Trichoptera, chironomid pupae,
Ephemeridae, Coleoptera, and Odonata.
miscellaneous Diptera,
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Table 6.3. Mean biomass (g fresh weight per square meter) of major
taxa of macroinvertebrates associated with sediments in ponds 10, 11, and
12. Samples were collected from June through September 1981.
Pond 10 Pond 11 Pond 12
Caenidae
17 Jun
15 Jul
1 Sep
Ceratopogonidae
17 Jun
15 Jul
1 Sep
Chironomidae larvae
17 Jun
15 Jul
1 Sep
Nematoda
17 Jun
15 Jul
1 Sep
Oligochaeta
17 Jun
15 Jul
1 Sep
Total invertebrates*
17 Jun
15 Jul
1 Sep
1.839
0.274
0.035
0.069
0.003
0.055
7.742
0.539
0.071
0.072
0.048
0.016
1.247
2.742
5.203
13.733
4.297
5.516
0.019
0.003
0.650
0.048
0.022
0.023
0.119
6.739
2.926
2.987
8.425
2.948
3.158
0.161
0.026
0.003
3.233
0.377
96.787
0.094
0.126
0.129
10.517
8.265
2.603
14.008
8.794
99.523
*Includes Baetidae, Trichoptera, chironomid pupae,
Ephemeridae, Coleoptera, and Odonata.
miscellaneous Diptera,
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